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r.R APF.VTNE LEAFROLL VIRUS PROTEINS A ND THEIR USES 

Pr nss-reference to R elated Applications 
This application claims the benefit of U.S. Provisional Patent Application 
5 Serial No. 60/083,404, filed April 29, 1998. 

Statement as to Federally Sponsore d Research 
This work was supported by U.S.-Israel Binational Agricultural Research and 
Development Fund Grant No. US-1737-89 and by the U.S. Department of Agriculture 
10 Cooperative Agreement No. 58-2349-9-01 . The Federal Government may have 
certain rights in the invention. 

Background of the Invention 
The present invention relates to grapevine leafroll virus genomic DNA, RNA, 
1 5 proteins encoded thereby, and their uses. 

The world's most widely grown fruit crop, the grape (Vitis sp.), is cultivated on 
all continents except Antarctica. Many plant pathogens, such as fungi, bacteria, 
phytoplasmas, viruses, and nematodes can infect grapes, and the resultant diseases can 
cause substantial losses in production thereof (Pearson et al., Compendium of Grape 
20 Diseases, American Phytopathological Society Press (1988)). Among these, viral 
diseases constitute a major hindrance to profitability. 

About 34 viruses have been isolated and characterized from grapevines. The 
major virus diseases are grouped into: (1) nepoviruses, (2) the leafroll complex 
(GVLR), and (3) the rugose wood complex (Martelli, ed., Graft Transmissible 
25 Diseases of Grapevines, Handbook for Detection and Diagnosis, FAO, UN, Rome, 
Italy (1993)). The grapevine leafroll complex (GVLR) is most widely distributed 
throughout the world. The virus was first identified in 1946 by Harmon et al. (Proc. 
Am. Soc. Hort. Sci. 74:190-194 (1946)) and later confirmed by Goheen et al. 
(Phytopathology, 48:51-54 (1958)). Leafroll is a serious virus disease and occurs 
30 wherever grapes are grown. Although the disease is not lethal, it causes yield losses 
and reduction in sugar content. For example, the amount of sugar in individual berries 



WO 99/55880 



PCT/US99/09307 



-2- 



of infected vines is only about 1/2 to 2/3 that of berries from noninfected vines 
(Goheen, supra). 

Several virus particle types have been isolated from leafroll diseased vines. 
These include potyvirus-like (Tanne et al. Phytopathology, 67:442-447 (1977)), 
5 isometric virus-like (Castellano et al., Vitis, 22:23-39 (1983)) and closterovirus-like 
(Namba, Ann. Phytopathol. Soc. Japan, 45:497-502 (1979)) particles. In recent years, 
however, long flexuous enteroviruses ranging from 1,400 to 2,200 nmhave been 
most consistently associated with leafroll disease as shown, for example, in Castellano 
(1983), Faoro et al., Riv. Patol. Veg., Ser IV, 17:183-189 (1981), Hu et al., J. 
,0 Phytopathol., 128:1-14 (1990), Milne et al., Phytopathol. Z., 110:360-368 (1984), and 
Zimmermannetal., J. Phytopathol., 130:205-218 (1990). These enteroviruses are 
referred to as grapevine leafroll associated viruses ("GLRaV"). At least six 
serologically distinct types of GLRaV's (GLRaV- 1 to -6) have been detected from 
leafroll diseased vines (Boscia et al, Vitis, 34:171-175 (1995)). 
l5 Grapevine leafroll is transmitted primarily by contaminated scions and 

rootstocks. Under field conditions, however, several species of mealybugs have been 
shown to be the vector of leafroll (Engelbrecht et al., Phytophylactica, 22:341-346 
(1990), Rosciglione, et al, Phytoparasitica, 17:63-63 (1989), and Tanne, 
Phytoparasitica, 1 6:288 (1988)). Specifically, it has been shown that mealybugs 
20 transmitgrapevineleafrollvirustypeOonlyandnoother, Natural spread of leafroll 
by insect vectors is rapid in various parts of the world. Prevalence of leafroll 
worldwide may increase as chemical control of mealybugs becomes more difficult due 
to the unavailability of effective insecticides. 

In view of the serious risk grapevine leafroll virus poses to vineyards and the 
25 absenceofaneffectivetreatmentofit, the need to prevent this affliction continues to 
exist. The present invention is directed to overcoming this affliction using 
biotechnology tools and methods to established disease-free grape plants. 

Summ ar Y nf the Invention 
3„ I„ a first aspect, the inventor, features an isolated grapevine leafroll virus 

protein or polypeptide selected from the group consisting oft a polyprotein compnstng 
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a proteinase or a methyltransferase; a proteinase; a methyltransferase; a helicase 
having an amino terminal amino acid sequence consisting of ValGlyGluSer; and a 
protein consisting of the amino acid sequence of SEQ ID NO: 13. 

One preferred protein or polypeptide is a polyprotein having a molecular 
weight of from 242 to 248 kDa or the polyprotein includes the amino acid sequence of 
SEQ ID NO: 15. 

Another preferred protein is a proteinase that includes the amino acid sequence 
of SEQ ID NO: 5. Another preferred protein is a methyltransferase that includes the 
amino acid sequence of SEQ ID NO: 7. 

In a second aspect, the invention features an isolated RNA molecule encoding 
a protein or polypeptide of the first aspect. 

In a third aspect, the invention features an isolated DNA molecule that 
includes the nucleotide sequence of SEQ ID NO: 2. 

In a fourth aspect, the invention features an isolated DNA molecule encoding a 
1 5 protein or polypeptide of the first aspect. 

In preferred embodiments of the fourth aspect, the protein or polypeptide is a 
polyprotein having a molecular weight of from 242 to 248 kDa. Preferably, the 
polyprotein (i) includes the amino acid sequence of SEQ ID NO: 15; (ii) is a 
proteinase that includes the amino acid sequence of SEQ ID NO: 5; (iii) is a 
methyltransferase that includes the amino acid sequence of SEQ ID NO: 7; or (iv) is a 
helicase that includes the amino acid sequence of SEQ ID NO: 9. 

In other preferred embodiments of the fourth aspect, the DNA molecule 
includes the nucleotide sequence of SEQ ID NO: 3, the nucleotide sequence of SEQ 
ID NO: 4, the nucleotide sequence of SEQ ID NO: 6, or the nucleotide sequence of 

25 SEQ ID NO: 8. 

In a fifth aspect, the invention features an expression system that includes an 

expression vector into which is inserted a heterologous DNA molecule of the third or 

fourth aspect. The heterologous DNA molecule can be inserted in sense orientation or 

in antisense orientation. 
30 In a sixth aspect, the invention features a host cell transformed with a 

heterologous DNA molecule of the third or fourth aspect. The host cell can be 
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selected from the group consisting of Agrobacterium vitis and Agrobacterium 
tumefaciens, a grape cell, or a citrus cell. 

The DNA molecules of the invention can be used to make transgenic plants or 
transgenic plant components (e.g., a scion, a rootstock, or a somatic embryo). 

5 The invention features also a method for conferring viral disease resistance on 

a plant or plant component, by: (a) transforming a plant cell with a DNA molecule 
according to the third or fourth aspect, which is expressed on the plant or plant 
component; and (b) regenerating a transgenic plant or transgenic plant component 
from the plant cell. In preferred embodiments, the plant or plant component is 

1 o resistant to a grapevine leafroll virus selected from the group consisting of GLRaV- 1 , 
GLRaV-2, GLRaV-3, GLRaV-4, GLRaV-5, and GLRaV-6. In a related embodiment, 
the plant or plant component is resistant to a beet yellows virus, lettuce infectious 
virus, or citrus tristeza. 

In another aspect, the invention features an antibody or binding portion thereof 

1 5 or probe recognizing the protein or polypeptide according to the first aspect. 

In a tenth aspect, the invention features a method for detecting a virus in a 
sample, the method including: (a) contacting a sample with the antibody of claim 31 
under conditions that allow for complex formation between the antibody and the 
virus; and 

20 (b) detecting the complexes as an indication that the virus is present in the sample. 

In an eleventh aspect, the invention features a method for detecting a viral 
nucleic acid molecule in a sample, the method including: (a) contacting a sample with 
the DNA of the third aspect or a fragment thereof under conditions that allow for 
complex formation between the DNA and the virus; and (b) detecting the complexes 
25 as an indication that the virus is present in the sample. 

In a twelfth aspect, the invention features a method for detecting a viral 
nucleic acid molecule in a sample, the method including: (a) contacting a sample with 
the DNA of the fourth aspect or a fragment thereof under conditions that allow for 
complex formation between the DNA and the virus; and (b) detecting the complexes 
30 as an indication that the virus is present in the sample. 
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By "plant cell" is meant any self-propagating cell bounded by a semi- 
permeable membrane and containing a plastid. A plant cell, as used herein, is 
obtained from, without limitation, seeds, suspension cultures, embryos, meristematic 
regions, callus tissue, protoplasts, leaves, roots, shoots, somatic and zygotic embryos, 
as well as any part of a reproductive or vegetative tissue or organ. 

By "plant component" is meant a part, segment, or organ obtained from an 
intact plant or plant cell. Exemplary plant components include, without limitation, 
somatic embryos, leaves, fruits, scions and rootstocks. 

By "transgenic" is meant any cell which includes a nucleic acid molecule (for 
example, a DNA sequence) which is inserted by artifice into a cell and becomes part 
of the genome of the organism (in either an integrated or extrachromosomal fashion 
for example, a viral expression construct which includes a subgenomic promoter) 
which develops from that cell. As used herein, the transgenic organisms are generally 
transgenic grapevines or grapevine components and the nucleic acid molecule (for 
example, a transgene) is inserted by artifice into the nuclear or plastidic compartments 
of the plant cell. 

By "transgene" is meant any piece of a nucleic acid molecule (for example, 
DNA) which is inserted by artifice into a cell, and becomes part of the organism 
(integrated into the genome or maintained extrachromosomally) which develops from 

20 that cell. Such a transgene may include a gene which is partly or entirely 

heterologous (i.e., foreign) to the transgenic organism, or may represent a gene 
homologous to an endogenous gene of the organism. 

Grapevine leafroll virus resistant transgenic variants of the current commercial 
grape cultivars and rootstocks allows for more control of the virus while retaining the 

25 varietal characteristics of specific cultivars. Furthermore, these variants permit 
control of GLRaV transmitted either by contaminated scions or rootstocks or other 
means. In this manner, as well as others, the interests of the environment and the 
economics of grape cultivation and wine making are all benefited by the present 
invention. 

Other features and advantages of the invention will be apparent from the 
following description of the preferred embodiments thereof, and from the claims. 



30 



WO 99/55880 



PCT/US99/09307 



-6- 

Rrief Description of the Drawings 
Figure 1 shows the genome organization of GLRaV-3 in comparison with the 
genome organization of GLRaV-2, another closterovirus associated with leafroll 
5 disease. 

Figure 2 shows the nucleic acid sequence of the GLRaV-3 genomic sequence 
(SEQ ID NO: 1). 

Figure 3 shows the nucleic acid sequence of the 5' untranslated region of 
GLRaV-3 (SEQ ID NO: 2). 
10 Figure 4 shows the nucleic acid sequence of the ORF la (SEQ ID NO: 3). 

Figure 5 shows the nucleic acid sequence of the proteinase encoded by ORF 

la (SEQ ID NO: 4). 

Figure 6 shows the amino acid sequence of the proteinase encoded by the 
DNA sequence of ORF la (SEQ ID NO: 5). 
15 Figure 7 shows the nucleic acid sequence of the methyltransferase encoded by 

ORF la (SEQ ID NO: 6). 

Figure 8 shows the amino acid sequence of the methyltransferase encoded by 

ORF la (SEQ ID NO: 7). 

Figure 9 shows the amino acid alignment of various closterovirus 
20 methyltransferases. 

Figure 10 shows the nucleic acid sequence of the helicase encoded by ORF la 

(SEQ ID NO: 8). 

Figure 1 1 shows the amino acid sequence of the helicase encoded by ORF la 
(SEQ ID NO: 9). 

25 Figure 12 shows the nucleic acid sequence of ORF lb (SEQ ID NO: 10). 

Figure 13 shows the amino acid sequence of the polypeptide encoded by ORF 

lb (SEQ ID NO: 11). 

Figure 14 shows the nucleic acid sequence of ORF 1 1 of the present invention 

(SEQ ID NO: 12). 

30 Figure 15 shows the amino acid sequence of the protein encoded by ORF 1 1 of 

the present invention (SEQ ID NO: 13). 
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Figure 16 shows the amino acid sequence listing of the protein encoded by 

ORF la (SEQ ID NO: 15). 

Figure 17 shows the nucleic acid sequence of the 3' untranslated region of 

GLRaV-3 (SEQ ID NO: 14). 

retailed Desc ri ption of the Invention 
The present invention relates to isolated DNA molecules encoding proteins or 
polypeptides of grapevine leafroll virus (type 3) ("GLRaV-3") as well as the 5' 
untranslated and 3' untranslated regions associated therewith. Applicants have 
completely sequenced the entire GLRaV-3 genome, which contains 13 open reading 
frames ("ORFs") as compared to the genome of GLRaV-2 (Figure 1). The DNA 
molecule for the entire GLRaV-3 genome has a nucleotide sequence corresponding to 
SEQ ID NO: 1 as given in Figure 2. 

A 5 1 untranslated region ("UTR") extends from nucleotides 1-158 of SEQ ID 
NO: 1 and is listed separately as SEQ ID NO: 2, as shown in Figure 3. The first ORF 
appearing near the 5' end of the complete GLRaV-3 genome is ORF la. The DNA 
molecule encoding ORF la extends from nucleotides 159-6872 of SEQ ID NO: 1 and 
has a nucleic acid sequence corresponding to SEQ ID NO: 3, as shown in Figure 4. 
This sequence encodes for a large, GLRaV-3 polyprotein having a molecular weight 
of about 242-248 kDa, more preferably 245.2 kDa. It is believed this DNA molecule 
encodes a large, GLRaV-3 polyprotein containing the conserved domains of a 
proteinase, a methyltransferase, and a helicase. 

The proteinase domain found in ORF la is encoded by nucleotides 41 1-770 of 
SEQ ID NO: 1 and has a nucleic acid sequence comprising SEQ ID NO: 4, as shown 
in Figure 5. The proteinase domain has an amino acid sequence comprising SEQ ID 
NO: 5, as given in Figure 6, and is similar to that described for Hepatitis C virus 
(Hijikata et al., Proc. Natl. Acad. Sci. USA 90:10773-10777 (1993), which is hereby 

incorporated by reference). 

The methyltransferase domain found in ORF la is encoded by nucleotides 
1536-2351 of SEQ ID NO: 1 and as has a nucleic acid sequence comprising SEQ ID 
NO: 6, as shown in Figure 7. The methyltransferase domain has an amino acid 
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sequence comprising SEQ ID NO: 7, as shown in Figure 8. As shown in Figure 9, the 
methyltransferase domain is similar to methyltransferase domains of other 
closteroviruses. 

The helicase domain found in ORF la is encoded by nucleotides 5922-6794 of 
SEQ ID NO: 1 and has a nucleic acid sequence comprising SEQ ID NO: 8, as shown 
in Figure 10. The helicase domain has an amino acid sequence comprising SEQ ID 

NO: 9, as shown in Figure 1 1 . 

Another open reading frame of the present invention is found within the 
GLRaV-3 genome and is designated ORF lb. This open reading frame is believed to 
encode a RNA-dependent RNA-polymerase ("RdRp"). The DNA molecule encoding 
ORF lb extends from nucleotides 6877-8475 of SEQ ID NO: 1 and has a nucleic acid 
sequence corresponding to SEQ ID NO: 10, as shown in Figure 12. 

The RdRp encoded by the DNA molecule of SEQ ID NO: 10 has an amino 
acid sequence corresponding to SEQ ID NO: 1 1 , as shown in Figure 13. The protein 
has a molecular weight of about 58 kDa to 64 kDa, with 61 kDa being most preferred. 

Additional ORFs found in GLRaV-3 genome (SEQ ID NO: 1) are as follows: 
ORF 2 comprises nucleotides 8708-8863; ORF 3 comprises nucleotides 9930-10067; 
ORF 4 comprises nucleotides 10086-1 1735; ORF 5 comprises nucleotides 
1 1728-13179; ORF 6 comprises nucleotides 13269-14210; ORF 7 comprises 
nucleotides 14273-15706; ORF 8 comprises nucleotides 15717-16274; ORF 9 
comprises nucleotides 16271-16804; and ORF 10 comprises nucleotides 
16811-17350. 

ORF 1 1, which is found in the GLRaV-3 genome (SEQ ID NO: 1) at 
nucleotides 17353-17463, is given herein as SEQ ID NO: 12 and shown in Figure 14. 
The ORF encodes a protein having about 36 amino acids (SEQ ID NO: 13), which is 

shown in Figure 15. 

ORF 12 is found in the GLRaV-3 genome (SEQ ID NO: 1) at nucleotides 
17460-17642. Afterwards, a 3' untranslated regions is observed at nucleotides 
17643-17919 of SEQ ID NO: 1. 
, Also encompassed by the present invention are fragments of the DNA 

molecules of the present invention. Suitable fragments capable of imparting viral 
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resistance to plants and plant components are constructed by using appropriate 
restriction sites, revealed by inspection of the DNA molecule's sequence, to: (i) insert 
an interposon (Felley et al., Gene, 52:147-15 (1987)) such that truncated forms of the 
GLRaV-3 polypeptide or protein, lacking various amounts of the C-terminus, can be 

5 produced or (ii) delete various internal portions of the protein. Alternatively, the 
sequence can be used to amplify any portion of the coding region, such that it can be 
cloned into a vector supplying both transcription and translation start signals. In 
addition, the 5' untranslated region, or any other portion of the genome, can also be 
used and expressed either in a sense or antisense to effect viral control within the 

10 plant. 

Variants may also (or alternatively) be modified by, for example, the deletion 
or addition of nucleotides that have minimal influence on the properties, secondary 
structure and hydropathic nature of the encoded polypeptide. For example, the 
nucleotides encoding a polypeptide may be conjugated to a signal (or leader) sequence 
at the N-terminal end of the protein that co-translationally or post-translationally 
directs transfer of the protein to a particular site or organelle. The nucleotide 
sequence may also be altered so that the encoded polypeptide is conjugated to a linker 
or other sequence for ease of synthesis, purification, or identification thereof. 

The grapevine leafroll virus proteins or polypeptides of the invention are 
20 preferably produced in purified form (preferably, at least about 80%, more preferably 
90%, pure) by conventional techniques. For example, the protein or polypeptide of 
the invention is isolated by lysing and sonication. After washing, the pellet is 
resuspended in buffer containing a suitable buffer such as Tris-HCl. During dialysis, 
a precipitate forms from this protein solution. The solution is centrifuged, and the 
25 pellet is washed and resuspended in the buffer containing said suitable buffer. 
Proteins are resolved by electrophoresis through a SDS 12% polyacrylamide gel. 

Any of the DNA molecules described herein can be incorporated in cells using 
conventional recombinant DNA technology. It is not necessary for the DNA 
molecules to be expressed in a manner that results in protein production in order to be 
30 within the scope of the present invention. For example, the introduced DNA molecule 
may express 158 nucleotides of 5' untranslated region. Furthermore, the skilled 
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artisan may take any of the DNA sequences included herein and may place these 
sequences in a manner to result in antisense expression, frame shift mutations, or any 
other manner available to the skilled artisan that results in mRNA production without 

facilitating translation. 

Generally, a DNA molecule to be expressed involves inserting said molecule 
into an expression system to which the DNA molecule is heterologous (i.e., not 
normally present). The heterologous DNA molecule is inserted into the expression 
system or vector in proper sense orientation and correct reading frame. As stated 
previously, it may also be desired to place the DNA molecule in a orientation that 
results in a incorrect reading frame. Regardless of reading frame preference, the 
vector contains the necessary elements for the transcription and translation of the 
inserted protein-coding sequences. 

U.S. Patent No. 4,237,224 to Cohen and Boyer, hereby incorporated by 
reference, describes the production of expression systems in the form of recombinant 
plasmids using restriction enzyme cleavage and ligation with DNA Hgase. These 
recombinant plasmids are then introduced by means of transformation and replicated 
in unicellular cultures including prokaryotic organisms and eukaryotic cells grown in 
tissue culture. 

Recombinant genes may also be introduced into viruses, such as vaccinia 
virus. Recombinant viruses can be generated by transfection of plasmids into cells 

infected with virus. 

Suitable vectors include, but are not limited to, the following viral vectors 
such as lambda vector system gtl 1, gt WES.tB, Charon 4, and plasmid vectors such as 
P BR322, pBR325, P ACYC177, P ACYC184, P UC8, P UC9, P UC18, P UC19, pLG339, 
pR290, pKC37, pKClOl, SV 40, pBluescript II SK +/- or KS +/- (see "Stratagene 
Cloning Systems" Catalog (1993) from Stratagene, La Jolla, CA, hereby incorporated 
by reference), pQE, pIH821, pGEX, pET series (see Studier et. al., Gene Expression 
Technology, vol. 185 (1990), hereby incorporated by reference), and any derivatives 
thereof. 

0 Recombinant molecules can be introduced into cells via transformation, 

transduction, conjugation, mobilization, electroporation, and the like. The DNA 
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sequences are cloned into the vector using standard cloning procedures in the art, as 
described by Maniatis et at, Molecular Cloninf A T aboratory Manual, Cold Springs 
Laboratory, Cold Springs Harbor, New York (1982), hereby incorporated by 
reference. . 

5 A variety of host-vector systems may be utilized to express the 

protein-encoding sequences). Primarily, the vector system must be compatible with 
the host cell used. Host-vector systems include but are not limited to the followmg: 
bacteria transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA; 
microorganisms such as yeast containing yeast vectors; mammalian cell systems 
10 infected with virus (e.g., vaccinia virus, adenovirus, etc.); insect cell systems infected 
with virus (e.g., baculovirus); and plant cells infected by bacteria or transformed v» 
particle bombardment (i.e. biolistics). The expression elements of these vectors vary 
in their strength and specificities. Depending upon the host-vector system uUhzed, 
any one of a number of suitable transcription and translation elements can be used. 
, 5 Different genetic signals and processing events control many levels of gene 

expression (e.g., DNA transcription and messenger RNA ("mRNA") translation). 
Transcription of DNA is dependent upon the presence of a promoter which is a DNA 
sequence that directs the binding of RNA polymerase and thereby promotes mRNA 
synthesis. The DNA sequences of eukaryotic promoters differ from those of 
20 prokaryotic promoters. Furthermore, eukaryotic promotors and accompanying genenc 
signals may not be recognized in or may not function in a prokaryotic system, and, 
further, prokaryotic promotors may not be recognized and may not function m 
eukaryotic cells. 

Similarly, translation of mRNA in prokaryotes depends upon the presence of 
25 the proper prokaryotic signals which may differ from those of eukaryotes. Efficient 
translation of mRNA in prokaryotes may require a ribosome binding site called the 
Shine-Dalgarno ("SD") sequence on the mRNA. For a review on maximizing gene 
expression, see Roberts and Lauer, Methods in Enzymology, 68:473 (1979), hereby 

incorporated by reference. 
30 Promoters vary in their "strength" (i.e. their ability to promote transcription). 

For the purposes of expressing a cloned gene, it may be desirable to use strong 
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promoters in order to obtain a high level of transcription and, hence, expression of the 
gene. It may also be advantageous, however, to use weak promoters and/or to select 
plants expressing the transgene at low levels. Depending upon the host cell system 
utilized, any one of a number of suitable promoters may be used. For instance, when 
cloning in E. coli, its bacteriophages, or plasmids, promoters such as the T7 phage 
promoter, lac promoter, trp promoter, recA promoter, ribosomal RNA promoter, the 
P R and P L promoters of coliphage lambda and others, including but not limited, to 
/acUV5, ompF, bla, Ipp, and the like, may be used to direct high levels of 
transcription of adjacent DNA segments. Additionally, a hybrid trp-lacW5 (tec) 
promoter or other E. coli promoters produced by recombinant DNA or other synthetic 
DNA techniques may be used to provide for transcription of the inserted gene. 

Bacterial host cell strains and expression vectors may be chosen which inhibit 
the action of the promoter unless specifically induced. In certain operons, the addition 
of specific inducers may be necessary for efficient transcription of the inserted DNA. 
5 For example, the lac operon is induced by the addition of lactose or IPTG 

(isopropylthio-beta-D-galactoside). A variety of other operons, such as trp,pro, etc., 

are under different controls. 

Specific initiation signals may also be required for efficient gene transcription 
and translation in prokaryotic cells. These transcription and translation initiation 
0 signals may vary in "strength" as measured by the quantity of gene specific messenger 
RNA and protein synthesized, respectively. The DNA expression vector, which 
contains a promoter, may also contain any combination of various transcription and/or 
translation initiation signals. All of these techniques are well known to the artisan 
skilled in the art of molecular biology. 
25 Once the isolated DNA molecules derived from GLRaV-3, as described above, 

have been cloned into an expression system, they are ready to be incorporated into a 
host cell. Such incorporation can be carried out by the various forms of 
transformation noted above, depending upon the vector/host cell system. Suitable 
host cells include, but are not limited to, bacteria, virus, yeast, mammalian cells, 
30 insect, plant, and the like. 
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The present invention also relates to RNA molecules which encode the various 
GLRaV-3 proteins or polypeptides described above. The transcripts can be 
synthesized using the host ceUs of the present invention b, any of the conventional 
techniques. The rnRNA can be translated either in vitro or in vivo. Cell-fiee syaems 
typically include wheat-germ or reticulocyte extracts. In vivo translation can be 
effected, for example, by microinjection into frog oocytes. 

One aspect of the present invention involves using one or more of the above 
DNA molecules encoding the various proteins or polypeptides of GLRaV-3 to 
^nsform plants in order to impart viral resistance to tine plants. Most preferred are 
u ,os.DNAmo,ecul.sasdescrib=di.S E Q.D N 0 : 2,SEQIDNO ; 3,S E QlDNO:4, 

SEQ IDNO: 6, SEQ ID NO: S, SEQ ID NO: 10, and SEQ ID NO: 12. Insome cases, 
m e DNA molecules listed herein can also be translated into protein. Those protem 
sequences most preferred include those listed herein as SEQ ID NO: 5, SEQ ID NO: 
7 SEQ ID NO: 9, SEQ ID NO: ll.SEQIDNO: 13, and SEQ ID: 15. An additional 
aspect is the use of either the 5' untranslated region (SEQ ID NO: 2) or the 3' 
untranslated region (SEQ ID NO: 14) to impart viral resistance in plants. The 
mechanism by which resistance is imparted in not known. In one hypothetical 
mechanism, the transformed plan, can express, e.g., the QUUV-3 helicase or 
polypeptide thereof, and, when the transformed plan, is inoculated by a grapevtne 
Ifroll virus, such as OLRaVl, OLRaV2, OLRav3, OLRaV4, OLRaV5, or GLRaV6, 
or combinations of these, or bee, yellows virus, lettuce infectious virus, or cttrus 
tristeza, the expressed GLRaV-3 helicase or polypeptide disrupts pathogenests of the 

virus. , . , j 

in mis aspect of the present invention the subject DNA molecule tncorporated 

2S in the plan, can be constitutive* expressed. Alternatively, expression can be 

reg „,a,ed by a promoter which is activate, by the presence of grapevine leaftoll vtrus. 

Suitable promoters for these purposes include arose front genes expressed in response 

to grapevine leafroll virus infiltration. 

Any of the isolated DNA molecules described herein can be utilized to tmpar. 
M grapevineWrollresistanceforawidevarie^ofgrapevinep.^. Methodsfor 

evaluating the resistance of a plant to viral disease are well known in me art. For 
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example, the level of resistance to viral disease may be determined by comparing 
physical features and characteristics. 

The DNA molecules are particularly well suited to imparting resistance to 
Vitis scion or rootstock cultivars. Scion cultivars which can be protected include 
those commonly referred to as Table on Raisin Grapes, such as Alden, Almeria, 
Anab-E-Shahi, Autumn Black, Beauty Seedless, Black Corinth, Black Damascus, 
Black Malvoisie, Black Prince, Blackrose, Bronx Seedless, Burgrave, Calmeria, 
Campbell Early, Canner, Cardinal, Catawba, Christmas, Concord, Dattier, Delight, 
Diamond, Dizmar, Duchess, Early Muscat, Emerald Seedless, Emperor, Exotic, 
Ferdinand de Lesseps, Fiesta, Flame seedless, Flame Tokay, Gasconade, Gold, 
Himrod, Hunisa, Hussiene, Isabella, Italia, July Muscat, Khandahar, Katta, Kourgane, 
Kishmishi, Loose Perlette, Malaga, Monukka, Muscat of Alexandria, Muscat Flame, 
Muscat Hamburg, New York Muscat, Niabell, Niagara, Olivette blanche, Ontario, 
Pierce, Queen, Red Malaga, Ribier, Rish Baba, Romulus, Ruby Seedless, Schuyler, 
Seneca, Suavis (IP 365), Thompson seedless, and Thomuscat. They also include 
those used in wine production, such as Aleatico, Alicante Bouschet, Aligote, 
Alvarelhao, Aramon, Baco blanc (22A), Burger, Cabernet franc, Cabernet, Sauv lg non, 
Calzin, Carignane, Charbono, Chardonnay, Chasselas dore, Chenin blanc, Clairette 
blanche, Early Burgundy, Emerald Riesling, Feher Szagos, Fernao Pires, Flora, 
French Colombard, Fresia, Furmint, Camay, Gewurztraminer, Grand noir, Gray 
Riesling, Green Hungarian, Green Veltliner, Grenache, Grillo, Helena, Inzolia, 
Lagrein, Lambrusco de Salamino, Malbec, Malvasia bianca, Mataro, Melon, Merlot, 
Meunier, Mission, Montua de Pilas, Muscadelle du Bordelais, Muscat blanc, Muscat 
Ottonel Muscat Saint-Vallier, Nebbiolo, Nebbiolo fino, Nebbiolo Lampia, Orange 
s Muscat, Palomino, Pedro Ximenes, Petit Bouschet, Petite Sirah, Peverella, Pinot no,, 
Pinot Saint-George, Primitivo di Gioa, Red VelUiner, Refosco, Rkatsiteli, Royalty, 
Rubired, Ruby Cabernet, Saint-Emilion, Saint Macaire, Salvador, Sangiovese, 
Sauvignon blanc, Sauvignon gris, Sauvignon vert, Scarlet, Seibel 5279, Seibel 91 10, 
Seibel 13053, Semillon, Servant, Shiraz, Souzao, Sultana Crimson, Sylvaner, Tannat, 
l0 Teroldico, Tinta Madeira, Tinto cao, Touriga, Traminer, Trebbiano Toscano, 
Trousseau, Valdepenas, Viognier, Walschriesling, White Riesling, and Zinfandel. 
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Rootstock cultivars which can be protected include Couderc 1202, Couderc 1613, 
Couderc 1616, Couderc 3309, Dog Ridge, Foex 33 EM, Freedom, Ganzin 1 (A x R 
#1) Harmony, Kober 5BB, LN33, Millardet & de Grasset 41B, Millardet & de 
Grasset 420A, Millardet & de Grasset 101-14, Oppenheim 4 (S04), Paulsen 775, 
Paulsen 1045, Paulsen 1103, Richter 99, Richter 110, Riparia Gloire, Ruggeri 225, 
Saint-George, Salt Creek, Teleki 5A, Vitis rupestris Constant*, Vitis California, and 
Vitis girdiana. 

There exists an extensive similarity in both the methyltransferase and helicase 
sequence regions of GLRaV-3 and the respective methyltransferase and helicase 
sequences of other enteroviruses, such as Beet yellows virus, Citris tristeza virus, 
and lettuce infectious yellow virus. Consequently, the DNA molecules coding for 
GLRaV-3 methyltransferase or helicase can also be used to produce transgenic 
cultivars other than grape, such as lettuce, beets, citrus and the like, which are 
resistant to enteroviruses other than grapevine leafroll, such as tristeza virus. These 
include cultivars of lemon, lime, orange, grapefruit, pineapple, tangerine, and the hke, 
such as Joppa, Maltaise Ovale, Parson (Parson Brown), Pera, Pineapple, Queen, 
Shamouti, Valencia, Tenerife, Imperial Doblefina, Washington Sanguine, Moro, 
Sanguinello Moscato, Spanish Sanguinelli, Tarocco, Atwood, Australian, Bahia, 
Baiana, Cram, Dalmau, Eddy, Fisher, Frost Washington, Gillette, LengNavehna, 
, Washington, Satsuma Mandarin, Dancy, Robinson, Ponkan, Duncan, Marsh, Pmk 
Marsh Ruby Red, Red Seedless, Smooth Seville, Orlando Tangelo, Eureka, Usbon, 
Meyer Lemon, Rough Lemon, Sour Orange, Persian Lime, West Indian Lime, Bears, 
Sweet Lime, Troyer Citrange, and Citrus trifoliata. 

Plant tissue suitable for transformation include leaf tissue, root tissue, 
5 meri stems,zygoticandsomaticembryos,anthers,andthelike. It is particularly 

preferred to utilize embryos obtained from anther culture, All of these tissues can be 
transformed using techniques wellknown to the skilled artisan. For additional 
information, WO 97/22700 is incorporated herein by reference. 

The expression system of the present invention can be used to transform 
30 virtually any plant tissue under suitable conditions. Tissue cells transformed in 

accordance with the present invention can be grown in vitro in a suitable medmm to 
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impart grapevine leafroll virus resistance, as well as beet yellows virus resistance, 
CUrls tristeza virus resistance, and lettuce infectious yellows virus resistance. 
Transformed cells can be regenerated into whole plants such that the protein or 
polypeptide imparts resistance to grapevine leafroll virus in the intact transgenic 
5 plants. In either case, the plant cells transformed with the recombinant DNA 

expression system of the present invention are grown and caused to express a DNA 
molecule corresponding to those taught herein, thus, imparting viral resistance. 

One technique of transforming plants with the DNA molecules in accordance 
with the present invention is by contacting the tissue of such plants with an inoculum 
,0 of a bacteria transformed with a vector comprising a gene in accordance with the 
present invention which imparts grapevine leafroll resistance. Generally, this 
procedure involves inoculating the plant tissue with a suspension of bacteria and 
incubating the tissue for 48 to 72 hours on regeneration medium without antibiotics at 
25-28 C. 

, 5 Bacteria from the genus Agrobacterium can be utilized to transform plant 

cells. Suitable species of such bacterium include Agrobacterium tumefaciens and 
Agrobacterium rhizogenes. Agrobacterium tumefaciens (e.g., strains C58, LBA4404, 
or EHA105) is particularly useful due to its well-known ability to transform plants. 
Another approach to transforming plant cells with a gene which imparts 
20 resistance to pathogens is particle bombardment (also known as biolistic 

transformation) of the host cell. This can be accomplished in one of several ways, 
such as those disclosed in U.S. Patent Nos. 4,945,050, 5,036,006, and 5,100,792, all 
to Sanford et al., and in Emerschad et al., Plant Cell Reports, 14:6-12 (1995), which 
are hereby incorporated by reference. When inert particles are utilized, the vector can 
25 'be introduced into the cell by coating the particles with the vector containing the 

heterologous DNA. Alternatively, the target cell can be surrounded by the vector so 
that the vector is carried into the cell by the wake of the particle. Biologically active 
particles (e.g., dried bacterial cells containing the vector and heterologous DNA) can 
also be propelled into plant cells. 
30 Once grape plant tissue is transformed in accordance with the present 

invention, it is regenerated to form a transgenic grape plant. Generally, regeneration 
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is accomplished by culturing transformed tissue on medium containing the 
appropriate growth regulators and nutrients to allow for the initiation of shoot 
meristems. Appropriate antibiotics are added to the regeneration medium to inhibit 
the growth of Agrobacterium and to select for the development of transformed cells. 
Following shoot initiation, shoots are allowed to develop tissue culture and are 
screened for marker gene activity. 

The DNA molecules of the present invention can be made capable of 
transcription to a messenger RNA, which, although encoding for a GLRaV-3 protein 
or polypeptide, does not translate to the protein. This is known as RNA-mediated 
resistance. When a Vitis scion or rootstock cultivar is transformed with such a DNA 
molecule, the DNA molecule can be transcribed under conditions effective to 
maintain the messenger RNA in the plant cell at low level density readings. Density 
readings of between 15 and 50, using a Hewlet ScanJet and Image Analysis Program 
having default settings, are preferred. 

The grapevine leafroll virus proteins or polypeptides can also be used to raise 
antibodies or binding portions thereof or probes. The antibodies can be monoclonal or 
polyclonal A description of the theoretical basis and practical methodology of fusing 
such cells is set forth in Kohler and Milstein, Nature, 256:495 (1975), and Milstein 
and Kohler, Eur. J. Immunol., 6:511 (1976), hereby incorporated by reference. 
Procedures for raising polyclonal antibodies are also well known to the skilled artisan. 
This and other procedures for raising polyclonal antibodies are disclosed in Harlow et. 
al., editors, Antibodies: A Laboratory Manual (1988), which is hereby incorporated 
by reference. 

In addition to utilizing whole antibodies, binding portions of such antibodies 
i can be used. Such binding portions include Fab fragments, F(ab') 2 fragments, and Fv 
fragments. These antibody fragments can be made by conventional procedures, such 
as proteolytic fragmentation procedures, as described in Coding, Monoclona l 
, miV _^. p^^and Practice. New York: Academic Press, pp. 98-1 18 (1983), 

hereby incorporated by reference. 
0 The present invention also relates to probes found either in nature or prepared 

synthetically by recombinant DNA procedures or other biological procedures. 
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Suitable probes are molecules which bind to grapevine leafroll viral antigens 
identified by the monoclonal antibodies of the present invention. Such probes can be, 
for example, proteins, peptides, lectins, or nucleic acid probes. 

The antibodies or binding portions thereof or probes can be administered to 
grapevine leafroll virus infected scion cultivars or rootstock cultivars. Alternatively, 
at least the binding portions of these antibodies can be sequenced, and the encoding 
DNA synthesized. The encoding DNA molecule can be used to transform plants 
together with a promoter which causes expression of the encoded antibody when the 
plant is infected by grapevine leafroll virus. In either case, the antibody or binding 
portion thereof or probe will bind to the virus and help prevent the usual viral 
response. 

Antibodies raised against the GLRaV-3 proteins or polypeptides of the present 
invention or binding portions of these antibodies can be utilized in a method for 
detection of grapevine leafroll virus in a sample of tissue, such as tissue from a grape 
scion or rootstock. Antibodies or binding portions thereof suitable for use in the 
detection method include those raised against a proteinase, a methyltransferase, a 
helicase, and a protein having a sequence according to SEQ ID NO: 1 3 in accordance 
with the present invention. Any reaction of the sample with the antibody is detected 
using an assay system which indicates the presence of grapevine leafroll virus in the 
sample. A variety of assay systems can be employed, such as enzyme-linked 
immunosorbent assays, radioimmunoassays, gel diffusion precipitin reaction assays, 
immunodiffusion assays, agglutination assays, fluorescent immunoassays, protein A 
immunoassays, or immunoelectrophoresis assays. 

The DNA sequences of the present invention can also be used to clone 
S additional fragments having similar sequences. By "similar sequences" is meant a 
protein or nucleic acid molecule exhibiting 70%, preferably 80%, and most preferably 
90% identity to a reference amino acid sequence or nucleic acid sequence. For 
proteins, the length of comparison sequences will generally be at least 15 amino acids, 
preferably at least 20 amino acids, more preferably at least 25 amino acids, amd most 
0 preferably 35 amino acids or greater. For nucleic acids, the length of comparison 
sequences will generally be at least 50 nucleotides, preferably at least 60 nucleotides, 
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more preferably a. leas. 75 nucleotides, and most preferably 1 .0 nucleotides or 

greater. , 
Sequence identity, a. the amino acid levels, is typically measured usrng 

Genetics Computer Group, Univerity of Wisconsin Biotechnology Center, 1710 
Unwe re i,yAve„ue,Madison,W,»705,BLAST,orP.LEUP/PREnTBOX 

grants). Such software matches identical or similar sequences by assigning degrees 
of homology to various substitutions, deletions, and/or other modifications. 

The present invention also includes nucleic acids mat selectively hybrids to 

„ GLRaV-3 sequences of*, present invention. Hybridization may involve Southern 
ana.vsis (Southern Blotting), a method by which the presence of DNA sequences in a 
.arge, nucleic acid mixture are identified by hybridation to a labeled oligonucleotide 
or DNA fragment probe. Southern analysis typically involves electrophone 
separation of DNA digests on agarose gels, dena.um.ion of the DNA after 

1S electrophone sep^ion, and tratvsfer of me DNA .o niuocellulose, nylon, or another 
su „able membrane support fo, analysis wim a radiolabeleti, biotinylattd, or 

, 'v. a >« Qamhrnnk et al (1989) MoJaularOomrjg, 2nd 
enzyme-labeled probe as described m SambrooK et at., . 

edition , Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. 

Hybridization often includes the us. of a probe. It is generally preferred that a 
» probe of a. leas, 20 nucleotides in length be used, preferably a, leas, 50 nucleotides, 
more preferably at least about 100 nucleotides. 

A nucleic acid can hybridize under moderate stringency conditions or htgh 
stttagc „cy conditions . a nucleic acid disclosed herein. High stringency conditions 
are used .o identify nucleic acids ma. have a high degree of homology or seque^c 
25 identitytotheprobe. High stringency editions can include the use of , 

JL as formamide during hybridization, e.g., 50% formamide w,th 0,% bovme 
serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate 
buffer at pH 6.5 wim 750 mM NaCI, and 75 mM sodium citrate a, 42°C. Anomer 
example is me use of 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M sodium 
,„ citraK), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5x 

Denharts solution, sonicated salmon sperm DNA (50 ug/mL, 0,% SDS, and 10/. 
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dextran sulfate at 42°C, with washes at 42»C in 0.2 x SSC and 0.1% SDS. 
Alternatively, low ionic strength washes and high temperature can be employed for 
washing. 

Moderate stringency conditions are hybridization conditions used to identifiy 
nucleic acids that have less homology or identity to the probe than do nucleic acids 
under high stringency. All of these techniques are well known to the artisan skilled in 
molecular biology. 

The following examples are provided to illustrate embodiments of the present 
invention and are by no means intended to limit its scope. 

Fxamples 

The examples cited herein incorporate by reference Examples 1-12, and 
Examples 14-18 in their entirety from WO 97/22700, published 26 June, 1997, which 
is based on U.S. Application 60/009,008 filed 21 December 1995. 

Example 1: Nucleotide Sequence and Open Reading Frames 

Cloning and sequencing of the GLRaV-3 genomic DNA was performed 
exactly as described in WO 97/22700, published 26 June 1997 except as follows. 
The genome of GLRaV-3 was determined after the additional 4,765 
0 nucleotides on the 5' terminal portion were obtained and sequenced. The complete 
genome of GLRaV-3 contains 17,919 nucleotides and contained 13 ORFs with a 5' 
untranslated region of 158 nucleotides and a 3' untranslated region of 276 nucleotides 
(Figure 1). The ORFla, containing 6,714 nucleotides, encoded a large polyprotein 
with a Mr of 245,277. With a +1 frameshift mechanism, it is also possible to produce 
25 a large fosion protein (from ORF la and ORF lb) of Mr of 305,955. Surprisingly, 
GLRAV-3 did not contain a papain-like cysteine proteinase; instead, a proteinase 
domain similar to the hepatitis C virus (Hijikata et al., Proc. Natl. Acad. Sci. USA 
90:10773-10777 (1993), which is hereby incorporated by reference) was identified. 
The metyltransferase domain and the helicase domain were similar to those of other 
30 closteroviruses. 



WO 99/55880 



PCIYUS99/09307 



-21 - 



10 



15 



20 



Based upon the original partial sequencing of the helicase, database searching 
indicated that the C-terminal portion of this protein shared significant similarity with 
the Superfamily 1 helicase of positive-strand RNA viruses. Comparison of the 
conserved domain region (291 amino acids) showed a 38.4% identity with an 
additional 19.7% similarity between GLRaV-3 and BYV and a 32.4% identity with an 
additional 21.1% similarity between GLRaV-3 and LIYV. Six helicase conserved 
motifs of Superfamily 1 helicase of positive-strand RNA viruses (Hodgman, Nature, 
333-22-23 (Erratum 578) (1988) and Koonin et al., Critical Reviews in Biochemistry 
and Molecular Biology, 28:375-430 (1993), hereby incorporated by reference) were 
also retained in GLRaV-3. Analysis of the phylogenetic relationship in helicase 
domains between GLRaV-3 and the other positive-strand RNA viruses placed 
GLRaV-3 along with the other enteroviruses, including BYV, CTV, and LIYV, into 
the "tobamo" branch of the alphavirus-like supergroup. Nucleotide («nt») and ammo 
acid ("aa") sequence similarity was calculated from perfect matches after ahgmng 
with the GCG program GAP; the percentages in parentheses are the percentages 
calculated by the GAP program, which employs a matching table based on 
evolutionary conservation of amino acids (Devereux et al., Nucleic Acids Res., 
12-387-395 (1984), hereby incorporated by reference). The sources for the BYV, 
CTV and LIYV sequences were, respectively, Agranovsky et al., Virology 198:31 1- 
324 (1994) Karasev et al., Virology 208: 51 1- (1995), and Klaassen et al, Virology 
208:99-1 10 (1995) and Rappe et al., Virology 199:35-41 (1994), hereby incorporated 
by reference. 

ORF lb started at nucleotide 6877 of SEQ ID NO: 1 and went to nucleotide 
8475 as given in SEQ ID NO: 10 (Figure 12). This portion encoded for a protein 
5 having the amino acid sequence listed in SEQ ID NO: 1 1 (Figure 13). Database 

screening of this protein revealed a significant similarity to the Supergroup 3 RdRp of 
the positive-strand RNA viruses. Sequence comparison of GLRaV-3 with BYV, 
LIYV and CTV over a 3 13-amino acid sequence fragment revealed a striking ammo 
acid sequence similarity among eight conserved motifs. The best alignment was with 
,0 BYV with 41 .2% identity and 19.8% additional similarity while the least alignment 
was with LIYV, with 35.9% identity and 20.5% additional similarity. Analysis of 
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phylogenetic relationships of the RdRp domains of the alphavirus-like supergroup 
viruses again placed GLRaV-3 into a "tobamo" branch along with other 
enteroviruses, BYV, CTV, BYSV, and LIYV. 

ORF 2 through ORF 10 were exactly as described in Example 13 of WO 

97/22700, published 26 June 1997. 

ORF 11 encoded an unidentified polypeptide having a calculated Mr of 3,933. 

ORF 12 was exactly as described for ORF 1 1 in Example 13 of WO 97/22700, 
published 26 June 1997. After ORF 12, a 3' untranslated region was obtained having 
the sequence listed in SEQ ID NO: 14. 

Other Embodiments 
All publications mentioned in this specification are herein incorporated by 
reference to the same extent as if each independent publication was specifically and 
individually indicated to be incorporated by reference. 

While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further modifications. 
This application is intended to cover any variations, uses, or adaptations following, ,n 
general, the principles of the invention and including such departures from the present 
disclosure within known or customary practice within the art to which the invention 
, pertains and may be applied to the essential features hereinbefore set forth, and 
follows in the scope of the appended claims. 
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What is Claimed: 

1. An isolated grapevine lcaftoll virus protein or polypeptide selected 
from the group of a polyprotein comprising a proteinase or a methyltransferase; a 

5 proteinase; a methyltransferase; a helicase having an amino terminal amino acid 
sequence of ValGlyGluSer; a protein consisting of the amino acid sequence of SEQ 
ID NO: 1 1 ; and a protein consisting of the amino acid sequence of SEQ ID NO: 13. 

2. The isolated protein or polypeptide of claim 1, wherein the protein or 
10 polypeptide is a polyprotein having a molecular weight of from 242 to 248 kDa. 

3. The isolated protein or polypeptide of claim 2, wherein the polyprotein 
comprises the amino acid sequence of SEQ ID NO: 15. 

15 4 . The isolated protein or polypeptide of claim 1, wherein the proteinase 

comprises the amino acid sequence of SEQ ID NO: 5. 

5. The isolated protein or polypeptide of claim 1 , wherein the 
methyltransferase comprises the amino acid sequence of SEQ ID NO: 7. 

20 

6. An isolated RNA molecule encoding a protein or polypeptide of claim 

1. 

7. An isolated DNA molecule having a nucleotide sequence of SEQ ID 
25 NO: 2 or SEQ ID NO: 14, or encoding a protein or polypeptide of claim 1 . 

8. The isolated DNA molecule of claim 7, wherein the protein or 
polypeptide is a polyprotein having a molecular weight of from 242 to 248 kDa. 

30 9 . The isolated DNA molecule of claim 8, wherein the polyprotein 

comprises the amino acid sequence of SEQ ID NO: 15. 
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10. The isolated DNA molecule of claim 9, wherein the DN A molecule 
comprises the nucleotide sequence of SEQ ID NO: 3. 

5 1 1 . The isolated DNA molecule of claim 7, wherein the protein or 

polypetide is a proteinase comprising the amino acid sequence of SEQ ID NO: 5. 

12. The isolated DNA molecule of claim 1 1 , wherein the DNA molecule 
comprises the nucleotide sequence of SEQ ID NO: 4. 

10 

13. The isolated DNA molecule of claim 7, wherein the protein or 
polypeptide is a methyltransferase comprising the amino acid sequence of SEQ ID 
NO: 7. 

15 14 The isolated DNA molecule of claim 13, wherein the DNA molecule 

comprises the nucleotide sequence of SEQ ID NO: 6. 

1 5. The isolated DNA molecule of claim 7, wherein the protein or 
poypeptide is a helicase comprising the amino acid sequence of SEQ ID NO: 9. 

20 

16. The isolated DNA molecule of claim 15, wherein the DNA molecule 
comprises the nucleotide sequence of SEQ ID NO: 8. 

17. The isolated DNA molecule of claim 7, wherein the DNA molecule 
25 comprises the nucleotide sequence of SEQ ID NO: 10. 

18. The isolated DNA molecule of claim 7, wherein the DNA molecule 
comprises the nucleotide sequence of SEQ ID NO: 12. 

30 19. An expression system comprising an expression vector into which is 

inserted a heterologous DNA molecule of claim 7. 



WO 99/55880 



PCT/US99/09307 



-25- 



20. The expression system of claim 19, wherein the heterologous DNA 
molecule is inserted in sense orientation. 

5 21. The expression system of claim 19, wherein the heterologous DNA 

molecule is inserted in antisense orientation. 



22. A host 



cell transformed with a heterologous DNA molecule of claim 7. 



10 23. The host cell of claim 22, wherein the host cell is selected from the 



group o: 



iAgrobacterium vitis and Agrobacterium tumefaciens. 

24. The host cell of claim 22, wherein the host cell is a grape cell or a 
citrus cell. 

25. A transgenic plant or transgenic plant component comprising the DNA 
molecule according to claim 7. 

26. The transgenic plant or transgenic plant component of claim 25, wherein 
20 said transgenic plant component is a scion. 

27. The transgenic plant or transgenic plant component of claim 25, wherein 
said transgenic plant component is a rootstock. 

25 28. The transgenic plant or transgenic plant component of claim 25, wherein 

said transgenic plant component is a somatic embryo. 
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-26- 

A method of conferring viral disease resistance to a plant or plant 
component, said method comprising the steps of : 

(a) transforming a plant cell with a DN A molecule according to claim 7 which 
is expressed in said plant or plant component; and 

(b) regenerating a transgenic plant or transgenic plant component from said 

plant cell. 

30. The method of claim 29, wherein said plant or plant component is 
resistant to a grapevine leafroll virus selected from the group of GLRaV-l, GLRaV-2, 
GLRaV-3, GLRaV-4, GLRaV-5, and GLRaV-6. 

31 The method of claim 29, wherein said plant or plant component is 
resistant to a beet yellows virus, lettuce infectious yellows virus, or citrus tristeza 

virus. 

32. An antibody or binding portion thereof or probe recognizing the 
protein or polypeptide according to claim 1. 

33 A method for detecting a virus in a sample, said method comprising: 

(a) contacting a sample with the antibody of claim 32 under conditions that 
allow for complex formation between said antibody and said virus; and 

(b) detecting said complexes as an indication that said virus is present m said 

sample. 

25 34. A method for detecting a viral nucleic acid molecule in a sample, said 

method comprising: 

(a) contacting a sample wnh the DNA of Cairn 7 or a fragment thereof under 
conditions that allow for complex formation between said DNA and said virus; and 

(b) detecting said complexes as an indication that said virus is present m satd 

30 sample. 



15 
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-naaatt tctacctaag attcaacttc tttctttttc tagttttaaa 60 

r=:;;i: ;™ — ™ g ^ z 

tttcTtlte ctctcctttt aagtttttaa gtttcgctat ggactacatt cgcccattgc 
tttctatttc gttaataaca ccttggagta cgttaggtac aacaaggcca 240 

gcgttttctc ctttcctc-c ' ggaacgtg aagttgtcgg 300 

atggtgatgt aggagctttc eta * * ^ ^ 

acttcacacc caggtgegea gctatgattt acattgga atcacJC agct 420 

„^ aaanaat ttqeaeggea gtacgctgtt gtcagegget 

rr,:: a/« . T::::: =:: z 
-~r. J— - 

ttgtcgtaca ctaccaccgg g 9 y atC acattgg gctgttaagc 660 

— ::;rr ;r:.i::i :;:r.::ii. j: - 

rr;; u-. — :r;r,:i 
gta „, gt5g = « - t 

^ftrrtatt qatqtaaaga acacgttcgt ttyyy^ 
gggcccttaa tgttcctatt gaty * ttcttcccta 960 

Mannn ta tttttacg tcaaagatag agctgttaaa ttcxtcco 
aagcctctcg taggagaggg tattttta g tacagcccC a gggtgtgatg 1020 

r.r. :z:r, r,;:r. r;z:., :=:: =: 
=:: = r,=: == r : := ; = 
= == = = rir,: = = 

at» g 9ac,c g ,«, N .9« g.».t=ttm « , a cc.at=, 9 1.40 

.„,«.«« «••««■«• "f" ™, „c g c, a t g a BOO 

~ rr.i:: ::::;:;r, r,i:::r. — - 
it;:::::: — 1680 
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-ntt caatattggg gggagcttca cgtatcatgt caaagctggc catgtgaact 1740 

11™ — t r: z 

c ctttc cacagctggg ggagattcgt acgtgtccag tgaccttcta actgaagc 

, tototcttac tgtagtcgag aatcgcagaa ctgcgattct agagccgatg 1920 
cttcaaagtc tg gtcttac tg g g ^ 

cwtttt-t gg gg * cgtggagttg ttgtacggta 2040 

= ™ : tz =i i= ™ 

... tacttaccat catctcacta tgtgtagggc tcagaagtca cctggaactg 2280 
gataccgttg tggttaccat n-ratacctq 2340 

======== 

======== 

= = = = = = = 

gtctcgccgg ggtcttcaag ct;cll ^*.„ nfin aC acttatqt 2760 

:= ™« « 

ct g„gc«= agacagg tstcgtg w . ttcM 29)0 

gtagga.act ga.gaatagt cgcttgc, cct , cc ,att actg.ag.tt 3000 

ltawtc « g.aggcaatg aag.caga. ~ ^ ^ 

*«.«.«, « 5ctcgtg , gg , 1M 

ttggcggttc gaa.gcgacc gtggtttega «« et.ttct.c, 31B0 

ctgegacga. ggccttMct ggcett.cgt egtlcttttc eacagg 240 

= = = = = ••: 

actcaccgg atttcct taa atgacttcac cactttcgta ttgcggaata 3360 

cgaaagaatt ttggagtgaa gtttcettaa y 
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aggts =tt. t =,«•««= t "7 t,t * ' 2 8 ° 

gg c 9 ! 99 a. t «^ .0,0,,,=,, ta,tta= g a, actctaa, t 

cjaa^c acaa g cc g c= gg t 95 ttt aC *«■»«« ° 

,. t «tt.,t c g t g c 9 .a g . , g9 tt«c,t c 9 ,=,gt, a c c g tc.ct. gg g e g ac= 9 ta g 00 
l.« g tca agt «==«a g c g tt g c»t c*ttt=t«: ct„ t ,c 9 cc 
9 „ 9t « 9t t . 99 catt Mg 9 cac.t 9 «c «c OT » «c « g , 

ta 999 acatt 9 ctt 9999 = 9 a 999 =t. 9 c, c 9 ,.tactt 9 9 a, 9 ttt 99 a 99 =ttc cc. 3780 

, t 'aa« 99 t 9 9 a 99 t««« — - "» ^ 

tg c=ta«ac 9 ot, 9999 ta tcttt 9 atca taa 9999 ctt g c«..c g .= 0 
a .«t g c«. ctcccacc, ,t. 9 . 9999 a ^ c^MWC «<* 
,„ 999 a<:t t „act.t 9 a= 9 a, 99t9 ct 9 9 t=cat=t 99 9 a«ca 9 c.t 9 aa,c 99 t c 
oc, 9 9 ac 9 . ta.c 9 , t99 = —ttcta 9 t gt cto.a 9 ctat g a tg « 
t 9 I o'ac 9 >: ggg9 .tt. 9 = acc..c gg99 a» g tt.ct g9 t 9 aa g a. 9 a 9 ««.««-= 
I ,.,* ,=»«acact ta tg t= g a 99 aa 9 a 99tt9 c ccctc^a 9 c 9 t 99 

g ,ttct 9g ta c= g =t g .c„= t. tg ,c«« 
„,.„.,„ S tctt«.c= a,o. gt «, g t g999 a»a= 9 9 ctc g t 9 . g9 320 

tt,.„t«. tt g ctccc, g ,a. 9 <= 9 C Cg t c ggt9 . 99 c 9 c C9 ac.c.a 9 4380 

,. g g .. 9 . 9 ct 9 ca g at 9g ».»oa g c.=a.ac= 9 c 99 «a,c 9 a. gg ™ 
ag e„ g tac, g «ca 9 t=tt gt9 . 9 «c g c c.c. 99 ct g . t.«e„,. g 9 t<=.c=ca g t 
c 9 , g t .c. t9 = t o.,aa. ,.. 9 «a„c «««^« 
JL g c=aa t C9 tc 9 a t9 a 9 aa.c^cc =aa,t gt t.= ,acce gtggt 9t9 aa 9 a t , 
« g .ca, 999 ca. gg cc 9 tc 9 ct=a tg t 99 =t 9 » g .a.aa = 
„ a,=a,a 9 9 a 9 t tt9 .=, —at,.., 9 c.a 9g oc g9 taaac» 9 ct t t 9 ca 9 
, a ac gt9 «c « gC99 t g t 9 =. 9 c t99 at 9 t9t .caao 9 a a 9 c 9 actat= 9 cc. o 9g t 80 
L Jaaacc ««««« ," 9 ataa« t9 a.a 9 „. 9 g .,t 9 c 99 tc ««t=tc a . 
agotggg t g a ««„«««, ,ta g cc.t gt t tcatc, ggg t ggC =tc 9 

=L.,a gg . t.tctt..c g , C .att aa9 t a=c=.. 9 c, t cttcec.c tgttt.^c 4980 
,,a 9 a a 9 «, 9 ^. ~eac 5 c tg . t 9 .= 9 a g9 a g t g e t . t cc,< 5040 
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tatcttgacg gtcaatctcg tgggg.aggc aaacttctcg aetaagtgca 5X00 

; 5 — 9 ta ' cttc " 5 t, ' ctatttc ctta ri: z 

" 1 «*.««-g c ' catCMtt 

g I,«eag ggca.ctog, gtgtaggca, g.tgttgca, ttagccggcg 

gc," c„a ,.g.ag~. -g,tg«c caaaec.gc. accacag.gc =..„„=» 
ragaacaat c c.cc.a.a tcggggggc aggctetatc tgaggg.agt ggt.ggg.a, 

gag gt«— ac t*f««t g~* "'^ 

ctcagggc tgata.tce. gtg.tggctc ttg.acctg. ctaeacccc, ,tg,=.« g 
,, ,g aa a.c=„g.~ tctg.ag.t, gt.c„,.„ t.tctggct. 

«g.a,gtg t tctgaaagta cctaatc.g «,«,..« actaecggge tttcacgttt 5700 

caaoacaaga cggcttgcgt gtgagagaec 5160 

ttaatttgat aggtgcactg a.agtogctc g.tgeggcat ggtgggcga. t=,«ta.,t 5 .0 

"g. La «.,tgcta t a.tge^e caggtgg.gg 
, c ,a. tc, t taagtcaccc -ccattac 
,J. t, t „c,g t , aagaag-ga, 
agtta, ctccgggtg gtaa.cttt, tcgtcagggg a.tgt.ta.a agggttttgg 6180 
ccacgttaa 9 atoaag , ct aggcgtctte go.accggc, 6240 

taaatqaqqt gcacatgatg catcaaggou u 

eg r,,a.g, L«t«« gg=g»«»a atcagatace attcata.ac aggg.g..,, 0 

, tagg- "" 9 "" a " 9C9tt9 " * I 

a, laoa, , gtco,«t. ,a C ,t«,ct acttgttgtc «c-«*~ gtaagggga. 

g aa, t Lacccaa ..ggtcgtta gcgg.aagga c.a.-.g" gtaag. cgc 
t ,Loa. ag gecaattgg. .-actgat, acgt.gctg. aat.aacgct g.cgt, 

, t ,o, t g.c cc.gttgga, a.gtcggata tga.gaggto " - » 

, alc.gt ga t g.=.g t g ctgaagcac aggg.a.aac « 

„»f a^ntccctat tcactaaaca acegcatata cttgttggtt b/zu 
ttaggacgaa gaaagecgat gactccctat 
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t9 te 9 , 9 aea «^«»' "•**"« " C " a9tt, "T I 

t y c .L, n.— -*" wttt9 cttc ;:" 5t 

cg cccc 99 c t, 5 t C ,cttt c 9 . 99 ta t ,t g . 9 c 9 «a t9 . ««««« » 

gg g , g « 99 .»^« ™* "'«" tg ' 5tttcte5a : 

t .c~ 9 ac 99 « 9 - g9 c« tC ,.c t, tg ,<=t t ct « 9 a 9g a t9 , »te 9 ..ac 
L,.tc.,t ctttcctct .,»„«.*, =,»«tct, ..tctttttc tc.««.c, 0 0 
tcg L.,a g ««-*«« .«a g9 tct» *™ 

aae.c=« g a a 9 t g ta„c=t ctcc^tt ,...ata gg a attt=a.c 9 c = 9 .tc g c 9g t 200 
tg t,ac g t g9 9 « gtg .e g . ««t«C e, t9 a.ct g . . 99 . 9 »«t c«o g , gg . 
,«,««« ..,«=*=« a= 99 .aa 9 cc a«t 9 f==a 9 «* » 

t 9 tta t « 9 «^t«. ca.aa 999 ca cctaac 9 «t ac.a,tctct caa 9 c g99 ct 0 

g ac L«c ccaa gt t 99 a c aa t ,c,=ca tt ,tc 9 a. 9 t ae„=aac 9g9 *■«-«.« 
Jtaccac, a t a 99 t,c 9 t aac tg c 9 =« ««c« 9 ca 

U«— « c '"» 9st " " cttctacc SC955,t5,a 99 

«„e„=t, »«,.„« c« tgggg ° 
„ ItCt, .«t 9 o t «c, tg . a gC „ gt9g . 0 

l« 9 a„c «, g t g « g , t a 9 a g »a 9 « « g t«,ctt t«««« W t g . g t.t g . 

, g c g tc gt9 . ^'"'" t9 tc ' 9Ctcto " ""T! , „ 

g9tg9 < c« ac. Wt „tt g , g ... t . 9 t t«*«t*: g c.cc« 9 « 9 t~ g a g t 0 
I « g9g9 at t„.«a t a 9 «,tatt g t. ,«. 9 c ggtg at g .ta 9 cct tat.«ta g t 
„,c c 9t t99 .»« 9 a t.c 9t c 99 tt « 9 . 9 e,.ta .,« W t« t^aaa, 

aa 9 « 9 «~ .«.««* t , 9 «..= 9 t c 9 . 9g a 9 < 00 

«««««. «««.«. act.aaactc «c g tta. 9 t t t 99 a 9 c«c caaaa t 
,ata t c 9 acc ««a=,t g . 9 .Ut«caa „«««*« «««<«" 
I,.,.„.C t ca t «a 99 . .«.,«.., ct 99tg a= g = 9 cattc 999 82 

t , celt c 99 o t « 9M t9t =« 9 c,c ,««a. 9t9 — 
, 99 tt.tatt accca.ta, c 9 t 9 a,tctc 9 ,t gtg c 9 cc ct.ttc.,., ,acc g .,t= 9 B,00 
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ctttecttgc tggccttgaa ggcaagaatt ttaaggtgga aagcttctcg ttttgccttt 8460 
tcgataaaga ggggttaatc gcgttggcca cgctatagtg tttctgtgcc tcggttcttc 85 0 
gtgaggttaa taccgaaggg tcgtcgtact tatctcagtt atttattttt tcgtcttctc 8580 
ttaggcgtgc catccgtgaa gttaataccg gtggcactcc ttctcgaagt gggtattaaa 8640 
gaccaaaatt ttttatttgt gtgtactttt tgttttgttc acaccgtgag gacaagaccg 87 00 
gtggaacatg tacagtagag ggtctttctt taagtctcgg gttacccttc ctactcttgt 87 60 
cggagcatac atgtgggagt ttgaactccc gtatcttacg gacaagagac acatcagcta 8820 
tagcgcgcca agtgtcgcga cttttagcct tgtgtcgagg taggataggg gccaacaggt 8880 
caccaacagc ctgcacttaa ggtgcgctgg aagtgttgga tttggtctca gtgtgccaaa 8940 
tatcctttta ggcgatgtac aggagtctag tttagtgtgt ctttggggga tgacgggagc 9000 
gactaggttt aggactgtag ctgctatgta agtcgtgcat gcggcattgt gcgtaagacg 9060 
tgcatgcatt tgggcgagtg ccctagggca gcgtcggtca ggtgactagc agccggctct 9120 
acggagcgct gaaagtgcta ggtcctgaag gtacagttgg gctgaggcag gacatggttg 9180 
aacgagttga ccgtggggac cagcggcggt gactcgggcc gtagccacgc gcggggcggc 9240 
agggcgtctc gtggtgtatc tgggcaagat acggctttat taggcaccat aatatggagc 9300 
ccaaagcgtc ggggtcggga aacatctcca tagcttagtg gcagcagcct aagataggct 9360 
gggaggcccg ttccctgtag tagtggtggg ttagcatgcc actaagcggt gcggcgtgat 9420 
aaggcgccac cgtccgtagt taggcgaccc gtgttttaat agggtctctt tagttaagtt 9480 
taggcatgtc gtacagttag gatttctttt tagatattct ttt.tttttt .ttgtttgtt 9540 
ag tttagatg tacattatta cgtaggttac tttggcgcta cgccagaggt ttttcctctt 9600 
tgtgtgtagc ctttaatgta ggtttctttg ttttattttt gcctttcagg cggcgcgttt 9660 
cttttcttct atttaggttt atcttctttc cttagtgttg tcgtatatga cgctacgtcc 9720 
aaattatgaa ttttccttcg tgtaggcgtc gttgagtgcg ttcatcggcg ctagacgagg 9780 
tttagtggcg acataaatag gtttttgcgc gagattggga tagaacgagt tcgccttaaa 9840 
agagaaatcg gggaaggcgc cacgcgaatg accttcgtgc tgagcgaagg tagtatcgtg 9900 
attttatatt gaagtaggcg tatttgttta tggatgattt taaacaggca atactgttgc 96 
tagtagtcga ttttgtcttc gtgataattc tgctgctggt tcttacgttc gtcgtcccga 10020 
gg ttacagca aagctccacc attaatacag gtcttaggac agtgtgattc ctcctttagt 10080. 
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t a 9 atat g9 a ~«»- ~" 

ct gggg tca g •««*•« ? " 9t '" ta C9tt9 "" C e 

a a. g9 tae tt aa« g ,ta»a 9 = tg c g9gg aaa g « 

gtgt .i, g5 *«-«=«• »« t9t " c ' a9,9,taac : 0 

« Ltlt t gg . g ,«„ g9 «cc gg .c ca g ,c.c c « « tgMgg tc ,u„^ 
tatctttatt c« g a g a g cc «,«.«« a g t g c 9 a.a g g t.t»= g tct acctta 10500 

; : — ~- tte9tt3tt i : 

a ggcg «a„ a g , t «t gg t at.ec g9 tta ~™ 
Zauo c«. g ct.a 9 « 9 c 9 a 9 ta g aa.acctatt a t ta g c gg « « g at 
gggg . gg9 a<: "tcactc «««=,««. ««"*• ' ° 

«t=.,t«, t,«..t«= tt, gg t g9 ta g . g a»« g a f,.,ct.tc gtg9 aa g tta 0800 

aa a a. a " 9a "" C '""^ 

tg ,a gg .. g . c«,t«aac „t..« 9 cta t a,= g ca»ca ««««=-. 0 0 

g gt g .«t .w.™ — - aa " 9tt9ca ccat " 

t gg9 c tgt g9 .. g t.«= «-«tc « g ,c.,<« tt.ecca g .c =c, S t t t, 
ccg at g ,c tggggg ,t=. tt,a„ t =» g ,««««= 

cg L g .t. t = t,.a g tc 9 t g «c g ac. gt a ,:=,.««., at g «c gg t g ,«t g , 0 
c a, 9g « t . ct g c g «a« ««-«» '»««" 
cg ,ata gg ct a,., g .c g . g gt a g t gg ,tc ««,««« ««««'« «™«» 
g Laataec a«ca t a g .t W„ «WW«.t gtgg f • ° 

gt a t a ttt9 a . g9g5 . g »" «cta, atga ,cc g .c g «e « 

L..c,t., g9g a g .ceca „ M ,.,.cc a= g t gg = 9 ca ,t«»t=t= tc=ac 9g .c, 60 

, g tc .at,,.,.,, ■ *™ 

J«. ac tgg .ttca -«««« ^""f 

c . ata == aga 9 tac« 9 acc aca= t9 aata t «t 9 =.c g . a,= 9 a gg , g a 
>c« 9gg t»» c.a„at.a g gg9 «ctc gg .«,««.. a g aa,aaaa t ««««.« » 
gc e ,,. tacacac, .««,-«, g »ta..t.t. t«at g ta.c gggg .»«a „,«. 
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aaeeet.ac, ag g =ta g a,a <*•«"". te„t.gt g . ataa,g g ata tattggaee, U«. 

, tegtggt.gt a.gtacaoeg tegtctggg. a.aetetget 11880 

, g „g,eg=t J y 5 ctt 5 cg csatct , c , a t , 3 . t ,e t tt »«0 

r;::;:: r,;r. — — — » — : »•« 

te ettetg t g ,.e.,e.a tettee.aa, ™^ 9 — ' 

, e aet.t c,ee.tc,g. wet, t,e„.,ea, t g te, g ttea ~ 

tatgtgg.e, ta.ee,,.. tttag.aagt acg.tegtgc cgtt.agagt tatgga.at 12 40 
,,. ..,.1 ga^eage ae.tgttag, ttaeegaag, ««t.«c«= ttae g t,,.t * » 

t ™. Ltgeagga att g et g t=g g.tgaagta, etagggecag -aeega t.e 10 

g ttc g ge t aegctaee,, etetat,get "cttagtt. 

egt g . cagt ,°«a.aa,a «*•*«■ """"" taC55a5SC5 ""T" 0 

t eet.e, agettgggt. catgaegtga teget.eget ea, ,, 

•ta.gattgt ttttcaaeaa ggae.e.eec gggggtatta aag.ottaa, .eegtgtgtg 2800 
at cattcgaccc ettteaega, ctttegteet atttetetag g ttaa,ttae 

ggg ,„g.ta t,ece„.ga tegecga,., ,tt, g t,e,c 12720 

ir:.:::; i r.i:r. nu-.. «„ — »—» 

e tg ,tat,et aeteeattt, e„c.ca.,e oct.cc.,,. tt.aa.g.eg eeegg.ttt 12B.0 
c t ea.tgt„ „.»..,„ «»«tegag »*>«tegt ''T t 60 

eettt, g a t.teaga... ,e,e,„at. .ae,ete..e 

, tc « o.t g t=t, g e t,„e,.cat taegge.tte ge.gga.c.a 
etgagttat, tagaegggae gttagegtat gae.egget, att,tat..= tteta.ggt, 
, .ataeg te Leaeegc agateaeget age.ttatae actatatcaa ,ac,aao,.a 3 
aacCtt. eeggaactae tec.eeacac eagetttaa. getgcgtgta g ta tgeg.cg 00 
,t g teg t.ttagtttt .t..aaattt tt.attgcte tgt,t,t„t ttttgttgag 3 
atgtttet g ct0 „atta g ggcagatata tg.agtegte eeegaaaata 13320 

tg .ae,e,at ggeatttg.a ctgaaattag ..-..-eg agtttettaa 13380 

attt,.,.gt t.g.,tggg, g.t g egge.= aa g ga.aatt ta,t»ag g e g 
,, t ae,tta. e.ggegga.t t.aeggg.at e,ee,t.gt, ceeg.a.aat 13.40 
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«,»«=,= »c.,^ct « gg cta=a g c gg c g ca gg a S =«cet.„ ca g c=.cea g 500 

<= g =aa g t gg e gg aaccac. g g »aacc g ata ta 9gg9 ta g t g cc gg aatct ,.,.«ctc 13560 

caceaa.ta. ^t«tt«= g . g »a. g atc ca,aca.<, t t «t,.„.=t «,<«=..« 36" 

g a.ta g ct« gg . 9 ttacoo ac..ac<= g a. a g ttatta.c g a g oc, ggg , 3 0 
a, g t,tca g t a g , gg t„c, at g a, g att, a tg cc g .att g ac g ,a g ct, tg ta. g ,a gg 
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ttttccagac tcagtgttat cgatcaatga agcggatatc tacgatgagc ggtatttgcc 15180 
gataacggaa gctctacaga taaacgcaag actacgcaga ctcgttcttt cgaaaggcgg 15240 
gagtcaaaca ccacgagata tggggaatat gatagtggcc atgatacaac ttttcgtact 15300 
ctactctact gtaaagaata taagcgtcaa agacgggtat agggtggaga ccgaattagg 15360 
tcaaaagaga gtctacttaa gttattcgga agtaagggaa gctatattag gagggaaata 15420 
cggtgcgtct ccaaccaaca ctgtgcgatc cttcatgagg tattttgctc acaccactat 15480 
tactctactt atagagaaga aaattcagcc agcgtgtact gccctagcta agcacggcgt 15540 
cccgaagagg ttcactccgt actgcttcga cttcgcacta ctggataaca gatattaccc 15600 
ggcggacgtg ttgaaggcta acgcaatggc ttgcgctata gcgattaaat cagctaattt 15660 
aaggcgtaaa ggttcggaga cgtataacat cttagaaagc atttgattat ctaaagatgg 15720 
aattcagacc agttttaatt acagttcgcc gtgatcccgg cgtaaacact ggtagtttga 15780 
aagtgatagc ttatgactta cactacgaca atatattcga taactgcgcg gtaaagtcgt 15840 
ttcgagacac cgacactgga ttcactgtta tgaaagaata ctcgacgaat tcagcgttca 15900 
tactaagtcc ttataaactg ttttccgcgg tctttaataa ggaaggtgag atgataagta 15960 
acgatgtagg atcgagtttc agggtttaca atatcttttc gcaaatgtgt aaagatatca 16020 
acgagatcag cgagatacaa cgcgccggtt acctagaaac atatttagga gacgggcagg 16080. 
ctgacactga tatatttttt gatgtcttaa ccaacaacaa agcaaaggta aggtggttag 16140 
ttaataaaga ccatagcgcg tggtgtggga tattgaatga tttgaagtgg gaagagagca 16200 
acaaggagaa atttaagggg agagacatac tagatactta cgttttatcg tctgattatc 16260 
cagggtttaa atgaagttgc tttcgctccg ctatcttatc ttaaggttgt caaagtcgct 16320 
tagaacgaac gatcacttgg ttttaatact tataaaggag gcgcttataa actattacaa 16380 
cgcctctttc accgatgagg gtgccgtatt aagagactct cgcgaaagta tagagaattt 16440 
tctcgtagcc aggtgcggtt cgcaaaattc ctgccgagtc atgaaggctt tgatcactaa 16500 
cacagtctgt aagatgtcga tagaaacagc cagaagtttt atcggagact taatactcgt 16560 
cgccgactcc tctgtttcag cgttggaaga agcgaaatca attaaagata atttccgctt 16620 
aagaaaaagg agaggcaagt attattatag tggtgattgt ggatccgacg ttgcgaaagt 16680 
taagtatatt ttgtctgggg agaatcgagg attggggtgc gtagattcct tgaagctagt 16740 
ttgcgtaggt agacaaggag gtggaaacgt actacagcac ctactaatct catctctggg 16800 
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ttaaagcatc atggacctat cgtttattat tgtgcagatc ctttccgcct cgtacaataa 16860 
tgacgtgaca gcactttaca ctttgattaa cgcgtataat agcgttgatg atacgacgcg 16920 
ctgggcagcg ataaacgatc cgcaagctga ggttaacgtc gtgaaggctt acgtagctac 16980 
tacagcgacg actgagctgc atagaacaat tctcattgac agtatagact ccgccttcgc 17040 
ttatgaccaa gtggggtgtt tggtgggcat agctagaggt ttgcttagac attcggaaga 17100 
tgttctggag gtcatcaagt cgatggagtt attcgaagtg tgtcgtggaa agaggggaag 17160 
caaaagatat cttggatact taagtgatca atgcactaac aaatacatga tgctaactca 17220 
ggccggactg gccgcagttg aaggagcaga catactacga acgaatcatc tagtcagtgg 17280 
taataagttc tctccaaatt tcgggatcgc taggatgttg ctcttgacgc tttgttgcgg 17340 
agcactataa aaatgttatg ttgttcagcc agtgtcaaat tttcaaacgg gttacaatta 17400 
tcgctactta tttgcgcatg tttgttagcg gtgctaattg ttagcttttg tagaaggcga 174 60 
tgaggcactt agaaaaaccc atcagagtag cggtacacta ttgcgtcgtg cgaagtgacg 17520 
tttgtgacgg gtgggatgta tttataggcg taacgttaat cggtatgttt attagttact 17580 
atttatatgc tctaattagc atatgtagaa aaggagaagg tttaacaacc agtaatgggt 17640 
aaaaatcctt caataaattt gaaataaaca aaagtaagaa aaatgaaata attaggctag 17700 
tctttttgtt cgtctttcgc ttttgtagaa taggttttat ttcgaggtaa gatgactaaa 17760 
ctttacctca cggtttaata ctctgatatt tgtaaaatta gtccgtaaag tcgatagtga 17820 
tattatatta gtatagtata ataaacgcca aaatccaatt aaagtttggg acctaggcgg 17880 
gcctcttacg aggctaactt atcgacaata agttaggtc 17919 
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ctaagtaaca cctaggaatt tctacctaag 
ttttcctgct gtttgaggga agtttgccct 
tttctatttc ctctcctttt aagtttttaa 



attcaacttc tttctttttc tagttttaaa 60 
tcttcttccg tcgtccttcg taaaccatta 120 
gtttcgct 158 
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atggactaca ttcgcccatt gcgcgttttc tcctttcctc acgttaataa caccttggag 60 
tacgttaggt acaacaaggc caatggtgat gtaggagctt tcctaaccac catgaagttc 120 
atagggaacg tgaagttgtc ggacttcaca cccaggtgcg cagctatgat ttacattgga 180 
aagctcacca aaggggtgaa gcgtacgttt gtccccccac cagttaaagg gtttgcacgg 240 
cagtacgctg ttgtcagcgg ctcagtcagc gcgctgagag gggatggtaa gaaggtcttg 300 
atggaggcaa ggacctcaac ttccgcaact tccgacgtgt ctgatttcga cgtcgtattc 360 
gaagctgttt ctaatgcatt acttgtcgta cactaccacc gggtagtgcc gtatgccccc 420 
gtcaagcgcg agcagcctaa accggctgtt aagcaagatg agcagaagcc caaacggcaa 480 
gcgtcacatt gggctgttaa gccaacagct gttggcgtcc acgtaccact tcctaaaaaa 540 
caggaagcac tggagccagc gcaatcagtc ccacaacagt cgttggagga gaaggccgcc 600 
ttgacgtttg gccttttctt cagtaaaggt gggggtgatg agagcgacgc tgtcatcttg 660 
cggaaaggga aattgtttaa cagggccctt aatgttccta ttgatgtaaa gaacacgttc 720 
gtttgggcta aaatctggga tgaagcctct cgtaggagag ggtattttta cgtcaaagat 780 
agagctgtta aattcttccc tattgtgcgg ggtagggcta cgatcgagga cttcatcgtg 840 
aatacagccc cagggtgtga tgttgccttg ccgcgcattg agttgtggag tatgcgcgaa 900 
agggcgtttg tatgcaccac caaagggtgg tgttggttta acaatgagag gctgagggga 960 
gaaatttaca gacgtcgttg cttctcatct tccttttcga taggtttctt gatgcacctt 1020 
ggctttagat cgttaaaggt cattaggttt gcgggcacga acatactaca catgccatca 1080 
ctcaatgaag agcgtacctt tgggtggaag ggcggagacg tctatctccc caatgtccca 1140 
aaaaccgcta tcgtcgctgg cgataggaca cggttgggag gggagatctt ggcctccgtc 1200 
gccaatgccc ttaatcaaga ggaggtctat tcatcggtcg tttcgagtat caccaataga 1260 
ctggtattaa gggaccaatc ggcattgctt tcccatttgg acacgaaatt gtgcgatatg 1320 
ttttctcaaa gggacgcaat gattcgcgaa aaaccctcac ataggtgcga tgtgtttctg 1380 
aagccgcggg aaagggagaa gctgagggaa ctctttccag agctttcgat acagttctcc 1440 
gactcggtca ggagtagtca cccattcgct aatgccatgc ggagctgttt caatggaatc 1500 
ttttccagga ggtgtggtaa tgtgtgcttc ttcgatattg gggggagctt cacgtatcat 1560 
gtcaaagctg gccatgtgaa ctgtcatgta tgcaatccag tcctagacgt taaagatgtg 1620 
aagcggagaa tcaatgagat cctctttctt tccacagctg ggggagattc gtacgtgtcc 1680 
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agtgacottc taactgaagc ggcttcaaag tctgtgtctt actgtagtcg agaatcgcag 1740 
aactgcgatt ctagagccga tgcgggtttt atggtggatg tgtacgatat atccccgcag 1800 
caggtagcag aggctatgga taagaagggt gcgctggttt tcgacatagc tcttatgttc 1860 
cccgtggagt tgttgtacgg taacggtgaa gtttacttgg aagaactcga tacgttggtg 1920 
aagagggaag gtgattacct ggcctacaat gttggtcagt gtggtgagat gtatgaacat 1980 
tccttctcta acgtaagcgg gtttttcacc ttttcttatg tacgcacttc gtccgggaac 2040 
gtgtttaagc tagagtatga gggataccgt tgtggttacc atcatctcac tatgtgtagg 2100 
gctcagaagt cacctggaac tgaggttacg tataggtcgt tggtcccgtc gttcgtgggc 2160 
aaatcgctgg tgttcatacc tgttgtagct ggttctagtg tgtcctttaa gacaatagtc 2220 
ctcgattcgg actttgtcga caggatctat tcctacgcgc tcaacactat agggacattc 2280 
gagaatagaa cgtttgagta tgccgttggg gcggtcaggt cgcaaaagac ccatgtcatt 2340 
acagggagtc gcgttgtcca cagcaaggtt gatatttctc ctgatgatat gtggggttta 2400 
gttgtcgctg ttatggctca ggcgattaag gatagggcga agagtattcg ctcctataac 24 60 
tttataaaag ccagtgaggg gagtctcgcc ggggtcttca agctcttctt tcagaccgta 2520 
ggcgattgtt tttcgaacgc agtctccgtc tatgctaagg caatggtgca cgataacttc 2580 
aacgttttgg agacgcttat gtctatgccc agagcgttca tccgtaaagt acctgggtct 2640 
gttgttgtta ccatttgcac ttctggagct tcagacaggt tggagctcag gggtgccttt 2700 
gatatttcga aggagacctt cggtaggaaa ctgaagaata gtcgcttgcg cgtcttctct 2760 
agggctatcg tggaagattc aattaaggtc atgaaggcaa tgaagacaga agatggaaaa 2820 
cccctgccaa ttactgaaga ttctgtatat gcgttcataa tggggaacgt ttctaacgtc 2880 
cactgtacga gggcaggtct tcttggcggt tcgaaagcga ccgtggtttc gagtgtttct 2940 
aagggtttgg tagctcgtgg ggctgcgacg aaggcctttt ctggcattac gtcgttcttt 3000 
tccacaggtt cactattcta cgaccgcggt ttaactgaag atgaaaggct tgatgctctg 3060 
gtgcgcacag agaatgctat aaactcaccg gtgggcatac tggagacgtc gcgcgtagct 3120 
gtgagcaagg tcgtagctgg aacgaaagaa ttttggagtg aagtttcctt aaatgacttc 3180 
accactttcg tattgcggaa taaggtgctt atcgggatat tcgtggcgtc tttgggtgcg 3240 
gccccaattg catggaagta taggcgcgga attgcggcta acgctagaag gtacgcgggc 3300 
agtagttacg aaactctaag ctcgttaagt tcacaagccg ccggtggttt acgcggttta 3360 
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acctctagca cagtatccgg tggatcttta gtcgtgcgaa gagggttttc gtcggcggtg 3420 
accgtcacta gggcgaccgt agctaaacgt caagtcccct tagcgttgct atcgttttct 3480 
acctcatacg ccatttccgg ctgcagtatg ttaggcattt gggcacatgc tcttccacgg 3540 
cacttaatgt ttttctttgg tttagggaca ttgcttgggg cgagggctag cgcgaatact 3600 
tggaagtttg gaggcttctc caataattgg tgcgctgttc ccgaggttgt ttggcgaggg 3660 
aagagtgtca gctcattgtt actgcctatt acgctagggg tatctttgat cataaggggc 3720 
ttgcttaacg acaccatacc tcaacttgct tacgtcccac cggtagaggg gaggaatgtg 3780 
tacgatgaga cgcttaggta ttaccgggac tttgactatg acgaaggtgc tggtccatct 3840 
gggactcagc atgaagcggt tcccggtgac gataacgatg gatccacttc tagtgtctca 3900 
agctatgatg ttgtcacaaa tgtgcgcgac gtggggatta gcaccaacgg ggaagttact 3960 
ggtgaagaag agacccattc acctcgaagc gtgcaataca cttatgtcga ggaagaggtt 4020 
gccccgtctg cagctgtggc ggaaagacaa ggtgatccgt cgggttctgg taccgctgac 4080 
gctatggctt ttgttgaaag tgtgaaaaaa ggtgtcgacg atgtctttca ccaacagtct 4140 
agtggggaaa cggctcgtga ggttgaggtg gacggcaaag ggttgctccc agaaagcgtc 4200 
gtcggtgagg cgccgacaca agaaagggga agagctgcag atggtaacac agcacaaacc 4260 
gcggtcaacg aaggcgacag ggagccagta cagtccagtc ttgtgagttc gccacaggct 4320 
gatattccaa aggtcaccca gtccgaggta catgctcaga aagaagtgaa acaagaagta 4380 
ccattggcga ctgtttcggg cgccacgcca atcgtcgatg agaaacccgc cccaagtgtt 4 4 40 
acgactcgtg gtgtgaagat aattgacaag ggcaaggccg tcgctcatgt ggctgagaaa 4500 
aaacaggtac aagtcgagca gcccaaacag aggagtttga cgatcaatga aggcaaggcc 4560 
ggtaaacagc tttgcatgtt tagaacgtgt tcctgcggtg tgcagctgga tgtgtacaac 4 620 
gaagcgacta tcgccaccag gttctcaaac gcatttacct ttgtcgataa cttgaaaggg 4 680 
aggagtgcgg tctttttctc aaagctgggt gaggggtata cctataatgg tggtagccat 4740 
gtttcatcag ggtggcctcg tgccctagag gatatcttaa cggcaattaa gtacccaagc 4800 
gtcttcgacc actgtttagt gcagaagtac aagatgggtg gaggcgtacc attccacgct 4860 
gatgacgagg agtgctatcc atcagataac cctatcttga cggtcaatct cgtggggaag 4 920 
gcaaacttct cgactaagtg caggaagggt ggtaaggtca tggtcataaa cgtagcttcg 4 980 
ggtgactatt ttcttatgcc ttgcggtttt caaaggacgc acttgcattc agtaaactcc 5040 
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atcgacgaag ggcgcatcag tttgacgttc agggcaactc ggcgcgtctt tggtgtaggc 5100 
aggatgttgc agttagccgg cggcgtgtcg gatgagaagt caccaggtgt tccaaaccag 5160 
caaccacaga gccaaggtgc taccagaaca atcacaccaa aatcgggggg caaggctcta 5220 
tctgagggaa gtggtaggga agtcaagggg aggtcgacat actcgatatg gtgcgaacaa 5280 
gattacgtta ggaagtgtga gtggctcagg gctgataatc cagtgatggc tcttgaacct 534 0 
gactacaccc caatgacatt tgaagtggtt aaaaccggga cctctgaaga tgccgtcgtg 5400 
gagtacttga agtatctggc tataggcatt gagaggacat acagggcgtt gcttatggct 5460 
agaaatattg ccgtcactac cgccgaaggt gttctgaaag tacctaatca agtttatgaa 5520 
tcactaccgg gctttcacgt ttacaagtcg ggcacagatc tcatttttca ttcaacacaa 5580 
gacggcttgc gtgtgagaga cctaccgtac gtactcatag ctgaaaaagg tatctttacc 5640 
aagggcaaag atgtcgacgc ggtggtagct ttgggcgaca atctgttcgt atgcgacgat 5700 
atactggttt tccacgatgc cattaatttg ataggtgcac tgaaagtcgc tcgatgcggc 57 60 
atggtgggcg aatcgtttaa gtccttcgaa tataagtgct ataatgctcc cccaggtggc 5820 
ggtaagacga cgacgttagt ggacgaattc gttaagtcac ccaatagcac agccaccatt 5880 
acggctaatg tgggaagttc tgaggacata aatatggcgg tgaagaagag agatccgaat 5940 
ttggaaggtc tcaacagtgc taccacagtt aactccaggg tggtaaactt tatcgtcagg 6000 
ggaatgtata aaagggtttt ggtggatgag gtgcacatga tgcatcaagg cttactacaa 6060 
ctaggcgtct tcgcaaccgg cgcgtcggaa ggcctctttt ttggagacat aaatcagata 6120 
ccattcataa acagggagaa ggtgtttagg atggattgtg ctgtttttgt tccaaagaag 6180 
gaaagcgttg tatacacttc taaatcgtac aggtgtccgt tagatgtttg ctacttgttg 6240 
tcctcaatga ccgtaagggg aacggaaaag tgttaccctg aaaaggtcgt tagcggtaag 6300 
gacaaaccag tagtaagatc gctgtccaaa aggccaattg gaaccactga tgacgtagct 6360 
gaaataaacg ctgacgtgta cttgtgcatg acccagttgg agaagtcgga tatgaagagg 6420 
tcgttgaagg gaaaaggaaa agaaacacca gtgatgacag tgcatgaagc acagggaaaa 6480 
acattcagtg atgtggtatt gtttaggacg aagaaagccg atgactccct attcactaaa 6540 
caaccgcata tacttgttgg tttgtcgaga cacacacgct cactggttta tgccgctctg 6600 
agctcaaagt tggacgataa ggtcggcaca tatattagcg acgcgtcacc tcaatcagta 6660 
tccgacgctt tgcttcacac gttcgccccg gctggttgct ttcgaggtat atga 6714 
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gtcagcggct cagtcagcgc gctgagaggg 
acctcaactt ccgcaacttc cgacgtgtct 
aatgcattac ttgtcgtaca ctaccaccgg 
cagcctaaac cggctgttaa gcaagatgag 
gctgttaagc caacagctgt tggcgtccac 
gagccagcgc aatcagtccc acaacagtcg 



gatggtaaga aggtcttgat ggaggcaagg 60 

gatttcgacg tcgtattcga agctgtttct 120 

gtagtgccgt atgcccccgt caagcgcgag 180 

cagaagccca aacggcaagc gtcacattgg 240 

gtaccacttc ctaaaaaaca ggaagcactg 300 

ttggaggaga aggccgcctt gacgtttggc 360 



Figure 5 



VSGSVSALRG DGKKVLMEAR TSTSATSDVS DFDVVFEAVS NALLVVHYHR 
WPYAPVKRE QPKPAVKQDE QKPKRQASHW AVKPTAVGVH VPLPKKQEAL 
EPAQSVPQQS LEEKAALTFG 



Figure 6 
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ctgaagccgc gggaaaggga gaagctgagg 
tccgactcgg tcaggagtag tcacccattc 
atcttttcca ggaggtgtgg taatgtgtgc 
catgtcaaag ctggccatgt gaactgtcat 
gtgaagcgga gaatcaatga gatcctcttt 
tccagtgacc ttctaactga agcggcttca 
cagaactgcg attctagagc cgatgcgggt 
cagcaggtag cagaggctat ggataagaag 
ttccccgtgg agttgttgta cggtaacggt 
gtgaagaggg aaggtgatta cctggcctac 
cattccttct ctaacgtaag cgggtttttc 
aacgtgttta agctagagta tgagggatac 
agggctcaga agtcacctgg aactgaggtt 
ggcaaatcgc tggtgttcat acctgttgta 
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gaactctttc cagagctttc gatacagttc 60 
gctaatgcca tgcggagctg tttcaatgga 120 
ttcttcgata ttggggggag cttcacgtat 180 
gtatgcaatc cagtcctaga cgttaaagat 240 
ctttccacag ctgggggaga ttcgtacgtg 300 
aagtctgtgt cttactgtag tcgagaatcg 360 
tttatggtgg atgtgtacga tatatccccg 420 
ggtgcgctgg ttttcgacat agctcttatg 480 
gaagtttact tggaagaact cgatacgttg 54 0 
aatgttggtc agtgtggtga gatgtatgaa 600 
accttttctt atgtacgcac ttcgtccggg 660 
cgttgtggtt accatcatct cactatgtgt 720 
acgtataggt cgttggtccc gtcgttcgtg 780 
gctggt 816 



Figure 7 



LKPREREKLR ELFPELSIQF SDSVRSSHPF ANAMRSCFNG IFSRRCGNVC FFDIGGSFTY 60 

HVKAGHVNCH VCNPVLDVKD VKRRINEILF LSTAGGDSYV SSDLLTEAAS KSVSYCSRES 120 

QNCDSRADAG FMVDVYDISP QQVAEAMDKK GALVFDIALM FPVELLYGNG EVYLEELDTL 180 

VKREGDYLAY NVGQCGEMYE HSFSNVSGFF TFSYVRTSSG NVFKLEYEGY RCGYHHLTMC 240 

RAQKSPGTEV TYRSLVPSFV GKSLVFIPVV AG 272 
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gtgggcgaat cgtttaagtc cttcgaatat 
aagacgacga cgttagtgga cgaattcgtt 
gctaatgtgg gaagttctga ggacataaat 
gaaggtctca acagtgctac cacagttaac 
atgtataaaa gggttttggt ggatgaggtg 
ggcgtcttcg caaccggcgc gtcggaaggc 
ttcataaaca gggagaaggt gtttaggatg 
agcgttgtat acacttctaa atcgtacagg 
tcaatgaccg taaggggaac ggaaaagtgt 
aaaccagtag taagatcgct gtccaaaagg 
ataaacgctg acgtgtactt gtgcatgacc 
ttgaagggaa aaggaaaaga aacaccagtg 
ttcagtgatg tggtattgtt taggacgaag 
ccgcatatac ttgttggttt gtcgagacac 
tcaaagttgg acgataaggt cggcacatat 



aagtgctata 


atgctccccc 


aggtggcggt 


60 


aagtcaccca 


atagcacagc 


caccattacg 


120 


atggcggtga 


agaagagaga 


tccgaatttg 


180 


tccagggtgg 


taaactttat 


cgtcagggga 


240 


cacatgatgc 


atcaaggctt 


actacaacta 


300 


ctcttttttg 


gagacataaa 


tcagatacca 


360 


gattgtgctg 


tttttgttcc 


aaagaaggaa 


420 


tgtccgttag atgtttgcta cttgttgtcc 


480 


taccctgaaa 


aggtcgttag 


cggtaaggac 


540 


ccaattggaa 


ccactgatga 


cgtagctgaa 


600 


cagttggaga 


agtcggatat 


gaagaggtcg 


660 


atgacagtgc 


atgaagcaca 


gggaaaaaca 


720 


aaagccgatg 


actccctatt 


cactaaacaa 


780 


acacgctcac 


tggtttatgc 


cgctctgagc 


840 


att 






873 



Figure 10 



VGESFKSFEY KCYNAPPGGG KTTTLVDEFV 
EGLNSATTVN SRWNFIVRG MYKRVLVDEV 
FINREKVFRM DCAVFVPKKE SVVYTSKSYR 
KPVVRSLSKR PIGTTDDVAE IMADVYLCMT 
FSDVVLFRTK KADDSLFTKQ PHILVGLSRH 



KSPNSTATIT ANVGSSEDIN MAVKKRDPNL 60 

HMMHQGLLQL GVFATGASEG LFFGDINQIP 120 

CPLDVCYLLS SMTVRGTEKC YPEKVVSGKD 180 

QLEKSDMKRS LKGKGKETPV MTVHEAQGKT 240 

TRSLVYAALS SKLDDKVGTY I 291 
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atgaattttg gaccgacctt cgaaggggag ttggtacgga agataccaac aagtcatttt 
gtagccgtga atgggtttct cgaggactta ctcgacggtt gtccggcttt cgactatgac 
ttctttgagg atgatttcga aacttcagat cagtctttcc tcatagaaga tgtgcgcatt 
tctgaatctt tttctcattt tacgtcgaaa atagaggata ggttttacag ttttattagg 
tctagcgtag gtttaccaaa gcgcaacacc ttgaagtgta acctcgtcac gtttgaaaat 
aggaatttca acgccgatcg cggttgtaac gtgggttgtg acgactctgt ggcgcatgaa 
ctgaaggaga ttttcttcga ggaggtcgtt aacaaagctc gtttagcaga ggtgacggaa 
agccatttgt ccagcaacac gatgttgtta tcagattggt tggacaaaag ggcacctaac 
gcttacaagt ctctcaagcg ggctttaggt tcgtttgtct ttcatccgtc tatgttgact 
tcttatacgc tcatggtgaa agcagacgta aaacccaagt tggacaatac gccattgtcg 
aagtacgtaa cggggcagaa tatagtctac cacgataggt gcgtaactgc gcttttttct 
tgcattttta ctgcgtgcgt agagcgctta aaatacgtag tggacgaaag gtggctcttc 
taccacggga tggacactgc ggagttggcg gctgcattga ggaacaattt gggggacatc 
cggcaatact acacctatga actggatatc agtaagtacg acaaatctca gagtgctctc 
atgaagcagg tggaggagtt gatactcttg acacttggtg ttgatagaga agttttgtct 
actttctttt gtggtgagta tgatagcgtc gtgagaacga tgacgaagga attggtgttg 
tctgtcggct ctcagaggcg cagtggtggt gctaacacgt ggttgggaaa tagtttagtc 
ttgtgcacct tgttgtccgt agtacttagg ggattagatt atagttatat tgtagttagc 
ggtgatgata gccttatatt tagtcggcag ccgttggata ttgatacgtc ggttctgagc 
gataattttg gttttgacgt aaagattttt aaccaagctg ctccatattt ttgttctaag 
tttttagttc aagtcgagga tagtctcttt tttgttcccg atccacttaa actcttcgtt 
aagtttggag cttccaaaac ttcagatatc gaccttttac atgagatttt tcaatctttc 
gtcgatcttt cgaagggttt caatagagag gacgtcatcc aggaattagc taagctggtg 
acgcggaaat ataagcattc gggatggacc tactcggctt tgtgtgtctt gcacgtttta 
agtgcaaatt tttcgcagtt ctgtaggtta tattaccaca atagcgtgaa tctcgatgtg 
cgccctattc agaggaccga gtcgctttcc ttgctggcct tgaaggcaag aattttaagg 
tggaaagctt ctcgttttgc cttttcgata aagaggggt 
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MNFGPTFEGE LVRKIPTSHF VAVNGFLEDL LDGCFAFDYD FFEDDFETSD QSFLIEDVRI 60 

SESFSHFTSK IEDRFYSFIR SSVGLPKRNT LKCNLVTFEN RNFNADRGCN VGCDDSVAHE 120 

LKEIFFEEVV NKARLAEVTE SHLSSNTMLL SDWLDKRAPN AYKSLKRALG SFVFHPSMLT 180 

SYTLMVKADV KPKLDNTPLS KYVTGQNIVY HDRCVTALFS CIFTACVERL KYWDERWLF 240 

YHGMDTAELA AALRNNLGDI RQYYTYELDI SKYDKSQSAL MKQVEELILL TLGVDREVLS 300 

TFFCGEYDSV VRTMTKELVL SVGSQRRSGG ANTWLGNSLV LCTLLSWLR GLDYSYIVVS 360 

GDDSLIFSRQ PLDIDTSVLS DNFGFDVKIF NQAAPYFCSK FLVQVEDSLF FVPDPLKLFV 420 

KFGASKTSDI DLLHEIFQSF VDLSKGFNRE DVIQELAKLV TRKYKHSGWT YSALCVLHVL 480 
SANFSQFCRL YYHNSVNLDV RPIQRTESLS LLALKARILR WKASRFAFSI KRG 



Figure 13 



533 



atgttatgtt gttcagccag tgtcaaattt tcaaacgggt tacaattatc gctacttatt 
tgcgcatgtt tgttagcggt gctaattgtt agcttttgta gaaggcgatg a 



Figure 14 
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MLCCSASVKF SNGLQLSLLI CACLLAVLIV SFCRRR 
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60 
120 
180 
240 



MnYTRPLRVF SFPHVNNTLE YVRYNKANGD VGAFLTTMKF IGNVKLSDFT PRCAAMIYIG 

SkSf Jpppvkgfar qyavvsgsvs alrgdgkkvl meartstsat sdvsdfdvvf 
SJSSw hyhrvvpyap vkreqpkpav kqdeqkpkrq ashwavkpta vgvhvplpkk 

^IfSSow POOSLEEKAA LTFGLFFSKG GGDESDAVIL RKGKLFNRAL NVPIDVKNTF 
mwdSs Svkffpivr GRATIEDFIV NTAPGCDVAL PRIELWSMRE 300 

ZSS SSerlrg EIYRRRCFSS SFSIGFLMHL GFRSLKVIRF AGTNILHMPS 360 
fSSSS GGDVYLPNVP KTAIVAGDRT RLGGEILASV ANALNQEEVY SSWSSITNR 420 
™SsS shldScdm FSQRDAMIRE KPSHRCDVFL KPREREKLRE LFPELSIQFS 480 
Srsshpfa nSSngi FSRRCGNVCF FDIGGSFTYH VKAGHVNCHV CNPVLDVKDV 540 
SnSlS STAGGDSYVS SDLLTEAASK SVSYCSRESQ NCDSRADAGF MVDVYDISPQ 600 
ovaeSkkg SwSSmf PVELLYGNGE VYLEELDTLV KREGDYLAYN VGQCGEMYEH 660 
FSYVRTSSGN VFKLEYEGYR CGYHHLTMCR AQKSPGTEVT YRSLVPSFVG 720 
KSLVFIPvS KsVSFKTIV LDSDFVDRIY SYALNTIGTF ENRTFEYAVG AVRSQKTHVI 780 
dSpDDMWGL WAVMAQAIK DRAKSIRSYN FIKASEGSLA GVFKLFFQTV 840 
YAKAMVHDNF NVLETLMSMP RAFIRKVPGS WVTICTSGA SDRLELRGAF 900 
DISKETFGRK SSlRVFS RAIVEDSIKV MKAMKTEDGK PLPITEDSVY AFIMGNVSNV 960 
hctSglSg skatvvssvs KGLVARGAAT KAFSGITSFF STGSLFYDRG LTEDERLDAL 1020 
SJSJS VGILETSRVA VSKVVAGTKE FWSEVSLNDF TTFVLRNKVL IGIFVASLGA 1080 
aSSg SSYETLSSLS SQAAGGLRGL TSSTVSGGSL VVRRGFSSAV 1140 

?™Sakr SJKSsfs TSYAJSGCSM LGIWAHALPR HLMFFFGLGT LLGARASANT 200 
WKfSsS ?AVPEWWRG KSVSSLLLPI TLGVSLIIRG LLNDTIPQLA YVPPVEGRNV 1260 
ydetlrS fdySgagps GTQHEAVPGD DNDGSTSSVS SYDWTNVRD VGISTNGEVT 320 
GeShSPRS vSyTYVEEEV APSAAVAERQ GDPSGSGTAD AMAFVESVKK GVDDVFHQQS 380 
?SKr1ve? DGKGLLPESV VGEAPTQERG RAADGNTAQT AVNEGDREPV QSSLVSSPQA 440 
KpkvS Saqkevkqev PLATVSGATP IVDEKPAPSV TTRGVKIIDK GKAVAHVAEK 1500 
JovOVEOPKQ RSLTINEGKA GKQLCMFRTC SCGVQLDVYN EATIATRFSN AFTFVDNLKG 1560 
SffS SwYNGGSH VSSGWPRALE DILTAIKYPS VFDHCLVQKY KMGGGVPFHA 1620 
SSSsTO KSSlVGK ANFSTKCRKG GKVMVINVAS GDYFLMPCGF QRTHLHSVNS 1680 
?nF?SsL?F RATRRWGVG RMLQLAGGVS DEKSPGVPNQ QPQSQGATRT ITPKSGGKAL 1740 
SEGsSSkG SSSS DYVRKCEWLR ADNPVMALEP DYTPMTFEVV KTGTSEDAVV 800 
SkSgI ERTYRALLMA RNIAVTTAEG VLKVPNQVYE SLPGFHVYKS GTDLIFHSTQ 860 
dSSrd£pY VLIAEKGIFT KGKDVDAVVA LGDNLFVCDD ILVFHDAINL IGALKVARCG 1920 
SSIfKSFE YKCYNAPPGG GKTTTLVDEF VKSPNSTATI TANVGSSEDI NMAVKKRDPN 1980 
SESS NSRVVNFIVR GMYKRVLVDE VHMMHQGLLQ LGVFATGASE GLFFGDINQI 2040 

S T F V R mdSvfvpkk eswytsksy rcpldvcyll SSMTVRGTEK CYPEKVVSGK 2100 

DKPvSsK RPIGTTDDVA EINADVYLCM TQLEKSDMKR SLKGKGKETP VMTVHEAQGK 2160 
SSsLFTK QPHILVGLSR HTRSLVYAAL SSKLDDKVGT Y1SDASPQSV 2220 

SDALLHTFAP AGCFRGI 
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aaaaatcctt caataaattt gaaataaaca 
tctttttgtt cgtctttcgc ttttgtagaa 
ctttacctca cggtttaata ctctgatatt 
tattatatta gtatagtata ataaacgcca 
gcctcttacg aggctaactt atcgacaata 



aaagtaagaa aaatgaaata attaggctag 60 
taggttttat ttcgaggtaa gatgactaaa 120 
tgtaaaatta gtccgtaaag tcgatagtga 180 
aaatccaatt aaagtttggg acctaggcgg 240 
agttaggtc 27 9 
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SEQUENCE LISTING 
<110> Cornell Research Foundation, Inc. 
<120> GRAPEVINE LEAFROLL VIRUS PROTEINS AND THEIR USES 
<130> 19603/2843 

<140> 
<141> 

<150> 60/083,404 

<151> 1998-04-29 

<160> 15 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 17919 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 



c aagtaaca cctaggaatt tctacctaag attcaacttc tttctttttc t.gtttt... 60 
tt«cctgct gtttgaggga agtttgccct tcttcttccg tcgtccttcg taaaccatta 20 

c ctctcctttt aagtttttaa gtttcgctat ggactacatt cgcccattgc 
o^ttttctc ctttcctcac gttaataaca ccttggagta cgttaggtac aacaaggcca 240 

fg tg g * a ctttc ctaaccacca tgaagttcat agggaacgtg aagttgtcgg 30 
acttcacacc caggtgcgca gctatgattt acattggaaa gctcaccaaa ggggtgaagc 360 
gtacgtttgt ccccccacca gttaaagggt ttgcacggca gtacgctgtt ;tc.,cg,ct 
cagtcagcgc gctgagaggg gatggtaaga aggtcttgat ggaggcaagg «cctc..ctt 0 
ccacaacttc cgacgtgtct gatttcgacg tcgtattcga agctgtttct aatgcattac 540 
ttgtcgtaca ctaccaccgg gtagtgccgt atgcccccgt caagcgcgag cagcctaaac 600 
cggc gttaa gcaagatgag cagaagccca aacggcaagc gtcacattgg gctgttaagc 
caacagctgt tggcgtccac gtaccacttc ctaaaaaaca ggaagcactg ^ ™0 
aatcagtccc acaacagtcg ttggaggaga aggccgcctt gacgtttggc ctt«c t tc. 
ataaaggtgg gggtgatgag agcgacgctg tcatcttgcg gaaagggaaa ttgtttaaca 840 
'gcccttaa tgttcctatt gatgtaaaga acacgttcgt ttgggctaaa atctgggatg 900 
aagccfctcg taggagaggg tatttttacg tcaaagatag agctgttaaa ttcttcccta 0 
ttgtgcgggg tagggctacg atcgaggact tcatcgtgaa tacagcccca gggtgtgatg 020 
ttgccttgcc gcgcattgag ttgtggagta tgcgcgaaag ggcgtttgta tgcaccacca 0 
aagggtggtg ttggtttaac aatgagaggc tgaggggaga aatttacaga cgtcgttgct 40 
tctcatcttc cttttcgata ggtttcttga tgcaccttgg ctttagatcg ttaaaggtca 1200 
ttaggtttgc gggcacgaac atactacaca tgccatcact caatgaagag cgtacctttg 1260 
ggtggaaggg cggagacgtc tatctcccca atgtcccaaa aaccgctatc gtcgctggcg 320 
ataggacacg gttgggaggg gagatcttgg cctccgtcgc caatgccctt aatcaagagg 1380 
aggtctatcc atcggtcgtt tcgagtatca ccaatagact ggtattaagg gaccaatcgg 1440 
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cattgctttc ccatttggac acgaaattgt gcgatatgtt ttctcaaagg gacgcaatga 1500 
ttcgcgaaaa accctcacat aggtgcgatg tgtttctgaa gccgogggaa agggagaagc 1560- 
tgagggaact ctttccagag ctttcgatac agttctccga ctcggtcagg agtagtcacc 1620 
cattcgctaa tgccatgcgg agctgtttca atggaatctt ttccaggagg tgtggtaatg 1680 
tgtgcttctt cgatattggg gggagcttca cgtatcatgt caaagctggc catgtgaact 1740 
gtcatgtatg caatccagtc ctagacgtta aagatgtgaa gcggagaatc aatgagatcc 1800 
tctttctttc cacagctggg ggagattcgt acgtgtccag tgaccttcta actgaagcgg 1860 
cttcaaagtc tgtgtcttac tgtagtcgag aatcgcagaa ctgcgattct agagccgatg 1920 
cgggttttat ggtggatgtg tacgatatat ccccgcagca ggtagcagag gctatggata 1980 
agaagggtgc gctggttttc gacatagctc ttatgttccc cgtggagttg ttgtaoggta 2040 
acggtgaagt ttacttggaa gaactdgata cgttggtgaa gagggaaggt gattacctgg 2100 
cctacaatgt tggtcagtgt ggtgagatgt atgaacattc ottctctaac gtaagcgggt 2160 
ttttcacctt ttcttatgta cgcacttcgt ccgggaacgt gtttaagcta gagtatgagg 2220 
gataccgttg tggttaccat catctcacta tgtgtagggc tcagaagtca cctggaactg 2280 
aggttacgta taggtcgttg gtcccgtcgt tcgtgggcaa atcgctggtg ttcatacctg 2340 
ttgtagctgg ttctagtgtg tcctttaaga caatagtcct cgattcggac tttgtcgaca 2 00 
ggatctattc ctacgcgctc aacactatag ggacattcga gaatagaacg tttgagtatg 2460 
ccgttggggc ggtcaggtcg caaaagaccc atgtcattac agggagtcgc gttgtccaca 2520 
gcaaggttga tatttctcct gatgatatgt ggggtttagt tgtcgctgtt atggctcagg 2580 
!gattaagga tagggcgaag agtattcgct cctataactt tataaaagcc agtgagggga 2640 
gtctcgccgg ggtcttcaag ctcttctttc agaccgtagg cgattgtttt tcgaacgcag 2700 
StccgtcS tgctaaggca atggtgcacg ataacttcaa cgttttggag acgcttatgt 2760 
ctatgcccag agcgttcatc cgtaaagtac ctgggtctgt tgttgttacc atttgcactt 2820 
ctggagcttc agacaggttg gagctcaggg gtgcctttga tatttcgaag ^gaccttcg 2860 
gtaggaaact gaagaatagt cgcttgcgcg tcttctctag ggctatcgtg gaagattcaa 2940 
ttaaggtcat gaaggcaatg aagacagaag atggaaaacc cctgccaatt -ctg.jg.tt 000 
ctgtatatgc gttcataatg gggaacgttt ctaacgtcca ctgtacgagg gcaggtcttc 3060 
ttggcggttc gaaagcgacc gtggtttcga gtgtttctaa gggtttggta gctcgtgggg 3 20 
ctgcgacgaa ggccttttct ggcattacgt cgttcttttc cacaggttca <=tattctacg 3180 
accgcggttt aactgaagat gaaaggcttg atgctctggt gcgcacagag aatgctataa 3240 
actcaccggt gggcatactg gagacgtcgc gcgtagctgt gagcaaggtc gtagctggaa 3300 
cgaaagaatt ttggagtgaa gtttccttaa atgacttcac cactttcgta ttgegg..t. 3360 
aggtgcttat cgggatattc gtggcgtctt tgggtgcggc cccaattgca tggaagtata 3420 
ggcgcggaat tgcggctaac gctagaaggt acgcgggcag tagttacgaa *ctctaagct 3480 
cgttaagttc acaagccgcc ggtggtttac gcggtttaac ctctagcaca gtatccggtg 3540 
gatctttagt cgtgcgaaga gggttttcgt oggcggtgac cgtcactagg gcgaccgtag 3600 
ctaaacgtca agtcccctta gcgttgctat cgttttctac ctcatacgcc .tt ccggct 3 0 
gcagtatgtt aggcatttgg gcacatgctc ttccacggca cttaatgttt "ctttggtt 3720 
tagggacatt gcttggggcg agggctagcg cgaatacttg gaagtttgga Wcttctcc. 3780 
ataattggtg cgctgttccc gaggttgttt ggcgagggaa gagtgtcagc tcattgttac 3840 
tgcctattac gctaggggta tctttg.tc. taaggggctt gcttaacgac accatacctc 3900 
aacttgctta cgtcccaccg gtagagggga ggaatgtgta cgatgagacg cttaggtatt 3960 
accgggactt tgactatgac gaaggtgctg gtccatctgg gactcagcat gaagcggttc 020 
ccggtgacga taacgatgga tccacttcta gtgtctcaag ctatgatgtt gtcacaaatg 0 0 
tacacgacgt ggggattagc accaacgggg aagttactgg tgaagaagag acccattcac 4140 

I gcaatacact tatgtcgagg aagaggttgc cccgtctgca gctgtggcgg 
aaagacaagg tgatccgtcg ggttctggta ccgctgacgc t.tggctttt gttgaaagtg 4260 
tgaaaaaagg tgtcgacgat gtctttcacc aacagtctag tggggaaacg gctcgtgagg 4320 
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ttgaggtgga cggcaaaggg ttgctcccag aaagcgtcgt cggtgaggcg ccgacacaag 4 380 .. 
aaaggggaag agctgcagat ggtaacacag cacaaaccgc ggtcaacgaa ggcgacaggg 44 4 0 
agccagtaca gtccagtctt gtgagttcgc cacaggctga tattccaaag gtcacccagt 4500 
ccgaggtaca tgctcagaaa gaagtgaaac aagaagtacc attggcgact gtttcgggcg 4560 
ccacgccaat cgtcgatgag aaacccgccc caagtgttac gactcgtggt gtgaagataa 4 620 
ttgacaaggg caaggccgtc gctcatgtgg ctgagaaaaa acaggtacaa gtcgagcagc 4 680 
ccaaacagag gagtttgacg atcaatgaag gcaaggccgg taaacagctt tgcatgttta 4740 
gaacgtgttc ctgcggtgtg cagctggatg tgtacaacga agcgactatc gccaccaggt 4800 
tctcaaacgc atttaccttt gtcgataact tgaaagggag gagtgcggtc tttttctcaa 4860 
agctgggtga ggggtatacc tataatggtg gtagccatgt ttcatcaggg tggcctcgtg 4920 
ccctagagga tatcttaacg gcaattaagt acccaagcgt cttcgaccac tgtttagtgc 4980 
agaagtacaa gatgggtgga ggcgtaccat tccacgctga tgacgaggag tgctatccat 5040 
cagataaccc tatcttgacg gtcaatctcg tggggaaggc aaacttctcg actaagtgca 5100 
ggaagggtgg raaggtcatg gtcataaacg tagcttcggg tgactatttt cttatgcctt 5160 
gcggttttca aaggacgcac ttgcattcag taaactccat cgacgaaggg cgcatcagtt 5220 
tgacgttcag ggcaactcgg cgcgtctttg gtgtaggcag gatgttgcag ttagccggcg 5280 
gcgtgtcgga tgagaagtca ccaggtgttc caaaccagca accacagagc caaggtgcta 5340 
ccagaacaat cacaccaaaa tcggggggca aggctctatc tgagggaagt ggtagggaag 5400 
tcaaggggag gtcgacatac tcgatatggt gcgaacaaga ttacgttagg aagtgtgagt 54 60 
ggctcagggc tgataatcca gtgatggctc ttgaacctga ctacacccca atgacatttg 5520 
aagtggttaa aaccgggacc tctgaagatg ccgtcgtgga gtacttgaag tatctggcta 5580 
taggcattga gaggacatac agggcgttgc ttatggctag aaatattgcc gtcactaccg 5640 
ccgaaggtgt tctgaaagta cctaatcaag tttatgaatc actaccgggc tttcacgttt 5700 
acaagtcggg cacagatctc atttttcatt caacacaaga cggcttgcgt gtgagagacc 5760 
taccgtacgt actcatagct gaaaaaggta tctttaccaa gggcaaagat gtcgacgcgg 5820 
tggtagcttt gggcgacaat ctgttcgtat gcgacgatat actggttttc cacgatgcca 5880 
ttaatttgat aggtgcactg aaagtcgctc gatgcggcat ggtgggcgaa tcgtttaagt 5940 
ccttcgaata taagtgctat aatgctcccc caggtggcgg taagacgacg acgttagtgg 6000 
acgaattcgt taagtcaccc aatagcacag ccaccattac ggctaatgtg ggaagttctg 6060 
aggacataaa tatggcggtg aagaagagag atccgaattt ggaaggtctc aacagtgcta 6120 
ccacagttaa ctccagggtg gtaaacttta tcgtcagggg aatgtataaa agggttttgg 6180 
tggatgaggt gcacatgatg catcaaggct tactacaact aggcgtcttc gcaaccggcg 6240 
cgtcggaagg cctctttttt ggagacataa atcagatacc attcataaac agggagaagg 6300 
tgtttaggat ggattgtgct gtttttgttc caaagaagga aagcgttgta tacacttcta 6360 
aatcgtacag gtgtccgtta gatgtttgct acttgttgtc ctcaatgacc gtaaggggaa 6420 
cggaaaagtg ttaccctgaa aaggtcgtta gcggtaagga caaaccagta gtaagatcgc 6480 
tgtccaaaag gccaattgga accactgatg acgtagctga aataaacgct gacgtgtact 6540 
tgtgcatgac ccagttggag aagtcggata tgaagaggtc gttgaaggga aaaggaaaag 6600 
aaacaccagt gatgacagtg catgaagcac agggaaaaac attcagtgat gtggtattgt 6660 
ttaggacgaa gaaagccgat gactccctat tcactaaaca accgcatata cttgttggtt 6720 
tgtcgagaca cacacgctca ctggtttatg ccgctctgag ctcaaagttg gacgataagg 6780 
tcggcacata tattagcgac gcgtcacctc aatcagtatc cgacgctttg cttcacacgt 6840 
tcgccccggc tggttgcttt cgaggtatat gagcgtatga attttggacc gaccttcgaa 6900 
ggggagttgg tacggaagat accaacaagt cattttgtag ccgtgaatgg gtttctcgag 6960 
gacttactcg acggttgtcc ggctttcgac tatgacttct ttgaggatga "tcg.«ct 7020 
tcagatcagt ctttcctcat agaagatgtg cgcatttctg aatctttttc tcattttacg 7080 
tcgaaaatag aggataggtt ttacagtttt attaggtcta gcgtaggttt accaaagcgc 7140 
aacaccttga agtgtaacct cgtcacgttt gaaaatagga atttcaacgc cgatcgcggt 7200 
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tgtaacgtgg gttgtgacga ctctgtggcg catgaactga aggagatttt cttcgaggag 7260 .. 
gtcgttaaca aagctcgttt agcagaggtg acggaaagcc atttgtccag caacacgatg 7320 
ttgttatcag attggttgga caaaagggca cctaacgctt acaagtctct caagcgggct 7380 
ttaggttcgt ttgtctttca tccgtctatg ttgacttctt atacgctcat ggtgaaagca 7440 
gacgtaaaac ccaagttgga caatacgcca ttgtcgaagt acgtaacggg gcagaatata 7500 
gtctaccacg ataggtgcgt aactgcgctt ttttcttgca tttttactgc gtgcgtagag 7560 
cgcttaaaat acgtagtgga cgaaaggtgg ctcttctacc acgggatgga cactgcggag 7620 
'tggcggctg cattgaggaa caatttgggg gacatccggc aatactacac ctatgaactg 7680 
qatatcagta agtacgacaa atctcagagt gctctcatga agcaggtgga ggagttgata 7740 
ctcttgacac ttggtgttga tagagaagtt ttgtctactt tcttttgtgg tgagtatgat 7800 
agcgtcgtga gaacgatgac gaaggaattg gtgttgtctg tcggctctca gaggcgcagt 7860 
ggtggtgcta acacgtggtt gggaaatagt ttagtcttgt gcaccttgtt gtccgtagta 7920 
cttaggggat tagattatag ttatattgta gttagcggtg atgatagcct tatatttagt 7980 
cggcagccgt tggatattga tacgtcggtt ctgagcgata attttggttt tgacgtaaag 8040 
atttttaacc aagctgctcc atatttttgt tctaagtttt tagttcaagt cgaggatagt 8100 
ctcttttttg ttcccgatcc acttaaactc ttcgttaagt ttggagcttc caaaacttca 8160 
gatatcgacc ttttacatga gatttttcaa tctttcgtcg atctttcgaa gggtttcaat 8220 
agagaggacg tcatccagga attagctaag ctggtgacgc ggaaatataa gcattcggga 8280 
tagacctact cggctttgtg tgtcttgcac gttttaagtg caaatttttc gcagttctgt 8340 
aggtcatatc accacaatag cgtgaatctc gatgtgcgcc ctattcagag gaccgagtcg 8400 
ctttccttgc tggccttgaa ggcaagaatt ttaaggtgga aagcttctcg ttttgccttt 8460 
tcgataaaga ggggttaatc gcgttggcca cgctatagtg tttctgtgcc tcggttcttc 8520 
gtgaggttaa taccgaaggg tcgtcgtact tatctcagtt atttattttt tcgtcttctc 5 0 
ttaggcgtgc catccgtgaa gttaataccg gtggcactcc ttctcgaagt gggtattaaa 8640 
gaccaaaatt ttttatttgt gtgtactttt tgttttgttc acaccgtgag gacaagaccg 8700 
gtggaacatg tacagtagag ggtctttctt taagtctcgg gttacccttc ctactcttgt 8760 
cggagcatac atgtgggagt ttgaactccc gtatcttacg gacaagagac acatcagcta 8820 
tagcgcgcca agtgtcgcga cttttagcct tgtgtcgagg taggataggg gccaacaggt 8880 
gaccaacagc ctgcacttaa ggtgcgctgg aagtgttgga tttggtctca gtgtgccaaa 8940 
tatcctrtta ggcgatgtac aggagtctag tttagtgtgt ctttggggga tgacgggagc 9000 
gactaggttt aggactgtag ctgctatgta agtcgtgcat gcggcattgt gcgtaagacg 9060 
tgcatgcatt tgggcgagtg ccctagggca gcgtcggtca ggtgactagc agccggctct 9120 
acggagcgct gaaagtgcta ggtcctgaag gtacagttgg gctgaggcag gacatggttg 9180 
aacgagttga ccgtggggac cagcggcggt gactcgggcc gtagccacgc gcggggcggc 9240 
agggcgtctc gtggtgtatc tgggcaagat acggctttat taggcaccat aatatggagc 9300 
ccaaagcgtc ggggtcggga aacatctcca tagcttagtg gcagcagcct aagataggct 9360 
gggaggcccg ttccctgtag tagtggtggg ttagcatgcc actaagcggt gcggcgtgat 9420 
Lggcgccac cgtccgtagt taggcgaccc gtgttttaat agggtctctt tagttaagtt 9480 
taggcatgtc gtacagttag gatttctttt tagatattct tttatttttt attgtttgtt 9540 
agtttagatg tacattatta cgtaggttac tttggcgcta cgccagaggt ttttcctctt 9600 
tgtgtgtagc ctttaatgta ggtttctttg ttttattttt gcctttcagg cggcgcgttt 9660 
cttttcttct atttaggttt atcttctttc cttagtgttg tcgtatatga cgctacgtcc 9720 
aaattatgaa ttttccttcg tgtaggcgtc gttgagtgcg ttcatcggcg ctagacgagg 9780 
tttagtggcg aca taaatag gtttttgcgc gagattggga tagaacgagt tcgccttaaa 9840 
agagaaatcg gggaaggcgc cacgcgaatg accttcgtgc tgagcgaagg tagtatcgtg 9900 
attttatatt gaagtaggcg tatttgttta tggatgattt taaacaggca atactgttgc 9960 
tagtagtcga ttttgtcttc gtgataattc tgctgctggt tcttacgttc gtcgtcccga 10020 
ggttacagca aagctccacc attaatacag gtcttaggac agtgtgattc ctcctttagt 10080 
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tagatatgga agtaggtata gattttggaa ccactttcag cacaatctgc "ttccccat 0140 
ctggggtcag cggttgtact cctgtggccg gtagtgttta cgttgaaacc caaattttta 0200 
tacctgaagg tagcagtact tacttaattg gtaaagctgc ggggaaagct tatcgtgacg 2 0 
atataaaacra aaggttgtat gttaacccga aaaggtgggc aggtgtgacg agggataacg 10320 
fcgaacgcta cgtcgagaaa ttaaaaccta catacaccgt gaagatagac agcggaggcg 103 0 
ccttatSt tggaggttta ggttccggac cagacacctt attgagggtc gttgacgtaa 0440 
tg ttatt cSgag.gcc ttgatactgg agtgcgaaag gtatacg.ct acgacggtta 10500 
cagcagctgt tgtaacggta ccggctgact ataactcctt taaacgaagc ttcgttgttg 0560 
a^Letaaa aqqtcttggt ataccggtta gaggtgttgt taacgaaccg acggccgcag 10620 
2f. cJag tcgcgagtag aagacctatt attagcggtt tttgjttttg 10680 
ggggagggac tttcgacgtc tcattcgtta agaagaaggg aaatatacta tgcgt«tct 0 0 
tttcagtggg tgataatttc ttgggtggta gagatattga tagagctatc gtggaagtta 0800 
aaa gatcaaagga aaggcgtctg atgccaagtt agggatattc gtatcctcga 10860 
tgaaggaaga cttgtctaac aataacgcta taacgcaaca ccttatcccc gtagaagggg 10920 
gtgtggaggt tgtgg.tttg actagcgacg aactggacgc aatcgttgca ccattcagcg 10980 
ctLggctgt ggaagtattc aaaactggtc ttgacaactt ttacccagac ccggttattg 11040 
ccgtfatgac tggggggtca agtgctctag ttaaggtcag gagtgatgtg gctaa tttgc 00 
cgcagatatc tafagtcgtg ttcgacagta ccgattttag atgttcggtg gcttg gggg 
ctaaggttta ctgcgatact ttggcaggta atagcggact gagactggtg gacacttt a 11220 
cgaatacgct aacggacgag gtagtgggtc ttcagccggt ggtaattttc ccgaaaggta 1280 
otccaatacc rtgttcatat actcatagat acacagtggg tggtggagat gtggtatacg 11340 
;,g W .*..t aacagagctt ttctaaatga gccgacgttc cggggcgtat 11 00 
«*«cgtag gggagaccca gtagagaccg acgtggcgca gtttaatctc tccacggacg 1 460 
g..£gTgtc tgttatcgtt aatggtgagg aagtaaagaa tgaatatctg gtacccggga 11520 
c"«Lcgt actggattca ttggtctata aatctgggag agaagattta gaggctaagg 11580 
caataccaga gtacttgacc acactgaata ttttgcacga taaggctttc acgaggagaa 11640 

cc gggtaa caaagataag gggttctcgg atttaaggat agaagaaaat ttttt..«r 
ccaccgtaga tacagacacg attttgaatg gataaatata rttatgta.c ggggatatta 760 
aaccctaacg aggctagaga cgaggtattc tcggtagtga ataagggata tattggaccg 820 
aac acg r ^ tttcoaa tcqtggtagt aagtacaccg tcgtctggga aaactctgct 11880 
"tra gTcgaltt'cg Jtcfcg. t.gatgcttt cg = 11940 

Jtgttgaaao gcggattgac taccacgctc tctaacccaa taaactgtga gaattgggtc 2000 
aggtcatct; aggatttaag cgcgtttttc aggaccctaa ttaaaggtaa gatttatgca 20 60 
cgcgttctg tgg.c.gc tcttccaaag aaagacaggg atgacatcat ^agcgagt 0 
cgacgactat cgccatcgga cgccgccttt tgcagagcag tgtcggttca ««t.ggg..g 
tltgtggacg taacgcagaa tttagaaagt acgatcgtgc cgttaagagt tatggaaata 2240 
aagaaaagac gaggatcagc acatgttagt ttaccgaagg tggtatccgc tt.cg»g.t 2300 
tt«.t.cg. acttgcagga attgctgtcg gatgaagtaa ctagggccag aaccgatac 2360 
gtttcggcat acgctaccga ctctatggct ttcttagtta agatgttacc cctgactgct 12 20 
cgtgagcagt ggttaaaaga cgtgctagga tatctgctgg tacggagacg accagcaaat 12 80 
t cctacg acgtaagagt agcttgggta tatgacgtga tcgctacgct «.gctggtc 12540 
ataagattgt ttttcaacaa ggacacaccc gggggtatta aagacttaaa accgtgtgtg 12600 
cctatagagt cattcgaccc ctttcacgag ctttcgtcct atttctctag gttaagttac 2660 
gagatgacga caggtaaagg gggaaagata tgcccggaga tcgccgagaa gttggtgcgc 2 0 
cgtctltgg aggaaaacta taagttaaga ttgaccccag tgatggcctt -taatt ta 
ctggtatact actccattta cggcacaaac gctaccagga ttaaaagacg cccggatttc 2840 
ctcaatgtga ggataaaggg aagagtcgag aaggtttcgt tacggggggt agaagatcgt 12900 
gccrttagaa tatcagaaaa gcgcgggata aacgctcaac gtgtattatg taggtactat 12960 
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agcgatctca catgtctggc taggcgacat tacggcattc gcaggaacaa "ggaagacg 13020 ... 
ctgagttatg tagacgggac gttagcgtat gacacggctg attgtataac ttct..ggtg 13080 
\»rl tcaacaccgc agatcacgct agcattatac actatatcaa gacgaacgaa 13140 

: : ac gtatgcgacg \i 2 z 

atg ttctcg tattagtttt ataaaaattt ttaattgctc tgtgtgtggt ttttgttgag 13260 
tgaacgcgat ggcatttgaa ctgaaattag ggcagatata tgaagtcgtc cccgaaaata 3320 
afttgagfgt tagagtgggg gatgcggcac aaggaaaatt tagtaaggcg agtttcttaa 3 0 
agtacgtcL ggacgggaca caggoggaat taacgggaat cgccgtagtg cccgaaaaat 3 0 
acgtat'cgc clagcagct ttggctacag cggcgcagga gccacctagg cagccaccag 3500 
cgcaagtggc ggaaccacag gaaaccgata taggggtagt gccggaatct gagactctca 3560 
caccaaataa gttggttttc gagaaagatc cagacaagtt cttgaagact atgggcaagg 3620 
gaatagcttt ggacttggcg ggagttaccc acaaaccgaa agttattaac gagccaggga 3 0 
aagta cagt agaggtggca atgaagatta atgccgcatt gatggagctg tgtaagaagg 
ttatgggcgc cgatgacgca gcaactaaga cagaattctt cttgtacgtg atgcagattg 13800 
cttgcacgtt ctttacatcg tcttcgacgg agttcaaaga gtttgactac atagaaaccg 13860 
atgatggaaa gaagatatat gcggtgtggg tatatgattg cattaaacaa gctgctgctt 3920 
cgacgggtta ^gaaaacccg gtaaggcagt atctagcgta cttcacacca accttcatca 39 80 
cggcgaccct gaatggtaaa ctagtgatga acgagaaggt tatggcacag catggagtac 40 
caccgaaatt ctttccgtac acgatagact gcgttcgtcc gacgtacgat ctgttcaaca 14100 
acgacgcaat attagcatgg aatttagcta gacagcaggc gtttagaaac aagacggtaa 10 
cggccgataa caccttacac aacgtcttcc aactattgca aaagaagtag ctacgatcga 
9 g Sataaa ttggtgaaaa atttagaaat .ttt.ccttt tattgataat tea gggagc 
ttatacacat gtagactttc atgagtcgcg gttgctgaaa gacaaacaag actatctttc 14340 
tttcaagtca gcggatgaag ctcctcctga tcotcccgga tacgttcgcc cagatagtta 00 

tatttgatac aaagagcaga ctttcccaat actcaaagct tatcagttac 
gttatcgata gecagtaata agttagcttc aggtcttatg ggaagcgacg cagtatcatc 14520 
gtcgttLg ctgaJgaacg acgtgggaga ttacttcgag tgcggcgtgt gtcacaacaa 
cc tactta ggacg'ggaag tt.tcttctg taggaaatac ataggtggga gwgtgg. 
aatcaccact ggtaagaact acaegtcgaa caattggaac gaggegtegt aegtaataca 14700 
fgtgaacgta gLgatgggt tagcacagac cactgttaat tctacttata cg«..cgg. 0 
cgtLgtggt ctacccaaaa attggacgcg tatctacaaa ataacaaaga tagtgtccgt 18 0 
agatcagaac «ct.ccct, g«gtttctc agactcgaaa ctgggtgt.. tj. 8 
' srtntta at ttccccag tgegcatett ctttagggat atcttattga aacctttgaa 14940 
gag c c a ga 9 a ^.tgt gcgaatatt gaegacaegt cgttgttagt 1500 

t gtcgt.ee., agtctacggg aggtgtaggt ccatcagagc agctggatgt 15060 
agtggcttta aegtcegaeg taaeggaatt gatcaacact agggggcaag ^aagatatg 10 
Sttce.g.c tcagtgttat cgatcaatga ageggatate tacgatgagc ggtatttgee 51 80 
gata'ggaa gctctacaga taaacgcaag actaegcaga ctcgttcttt egaaaggegg 5240 
gagtcaaaca ccacgagata tggggaatat gatagtggcc atgatacaac ttttcgt.ct 5300 
ctfctctact gtaaagaata taagcgtcaa agaegggtat agggtggaga ccgaattagg 15360 
tcaaaagaga gtctaettaa gttattcgga agtaagggaa gctatattag gagggaaata 420 
cggcgcgtct ccaaccaaca ctgtgcgatc cttcatgagg tattttgetc acaccactat 15480 
tlctctactt atagagaaga aaattcagee agcgtgtact gecetagcta ageaeggegt 15540 
cccgaagagg ttdctccgt actgettega cttcgcacta ctggataaca gatattaccc 00 
ggeggacgtg ttgaaggcta aegcaatgge ttgegctata gcgattaaat cagctaattt 15660 
Taggcgtaaa ggttcggaga cgtataacat ettagaaage atttgattat «t.»g.tgg 
aatLagacc agttttaatt acagttcgcc gtgatccegg cgtaaacact ggtagtttga 15780 
aagtgatagc ttatgactta cactacgaca atatattcga taactgcgcg gtaaagtcgt 15840 
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ttcgagacac cgacactgga ttcactgtta tgaaagaata ctcgacgaat tcagcgttca 15900 - 
tactaagtcc ttataaactg ttttccgcgg tctttaataa ggaaggtgag atgataagta 15960 
acgatgtagg atcgagtttc agggtttaca .utcttttc gcaaatgtgt aaagatatca 6020 
acoagatcag cgagatacaa cgcgccggtt acctagaaac atatttagga gacgggcagg 6080 
ctgacactga tatatttttt gatgtcttaa ccaacaacaa agcaaaggta aggtggttag 16140 
ttaataaaga ccatagcgcg tggtgtggga tattgaatga tttgaagtgg gaagagagca 16200 
acaaggagaa atttaagggg agagacatac tagatactta cgttttatcg tctgattatc 16260 
cagggtttaa atgaagttgc tttcgctccg ctatcttatc ttaaggttgt caaagtcgct 6320 
tagaacgaac gatcacttgg ttttaatact tataaaggag gcgcttataa actattacaa 16380 
cgcctctttc accgatgagg gtgccgtatt aagagactct cgcgaaagta tagagaattt 16440 
tctcgtagcc aggtgcggtt cgcaaaattc ctgccgagtc atgaaggctt tgatcactaa 16500 
cacagtctgt aagatgtcga tagaaacagc cagaagtttt atcggagact taatactcgt 16560 
cgccgactcc tctgtttcag cgttggaaga agcgaaatca attaaagata atttccgctt 16620 
aagaaaaagg agaggcaagt attattatag tggtgattgt ggatccgacg ttgcgaaagt 16680 
taagratatt t.gtctgggg agaatcgagg attggggtgc gtagattcct tgaagctagt 16740 
ttgcgtaggt agacaaggag gtggaaacgt actacagcac ctactaatct catctctggg 16800 
ttaaagcatc atggacctat cgtttattat tgtgcagatc ctttccgcct cgtacaataa 16860 
tgacgtgaca gcactttaca ctttgattaa cgcgtataat agcgttgatg atacgacgcg 16920 
ctgggcagcg ataaacgatc cgcaagctga ggttaacgtc gtgaaggctt acgtagctac 16980 
tacagcgacg actgagctgc atagaacaat tctcattgac agtatagact ccgccttcgc 7040 
ttatgaccaa gtggggtgtt tggtgggcat agctagaggt ttgcttagac attcggaaga 17100 
tgttctggag gtcatcaagt cgatggagtt attcgaagtg tgtcgtggaa agaggggaag 17160 
caaaagatat cttggatact taagtgatca atgcactaac aaatacatga tgctaactca 7220 
ggccggactg gccgcagttg aaggagcaga catactacga acgaatcatc tagtcagtgg 7280 
taatalgttc tctccaaatt tcgggatcgc taggatgttg ctcttgacgc tttgttgcgg 7340 
agcactataa aaatgttatg ttgttcagcc agtgtcaaat tttcaaacgg gttacaatta 7400 
tcgctactta t.tgcgcatg tttgttagcg gtgctaattg ttagcttttg tagaaggcga 7460 
tgaggcactt agaaaaaccc atcagagtag cggtacacta ttgcgtcgtg cgaagtgacg 17520 
tttgtgacgg gtgggatgta tttataggcg taacgttaat cggtatgttt attagttact 15 0 
atttatatgc tctaattagc atatgtagaa aaggagaagg tttaacaacc agtaatgggt 17640 
aaaaatcctt caataaattt gaaataaaca aaagtaagaa aaatgaaata attaggctag 17700 
tctttttgtt cgtctttcgc ttttgtagaa taggttttat ttcgaggtaa gatgactaaa 7760 
ctttacctca cggtttaata ctctgatatt tgtaaaatta gtccgtaaag tcgatagtga 17820 
tattatatta gtatagtata ataaacgcca aaatccaatt aaagtttggg acctaggcgg 17880 
gcctcttacg aggctaactt atcgacaata agttaggtc 

<210> 2 
<211> 158 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 

lllZLca cctaggaatt tctacctaag attcaacttc tttctttttc tagttttaaa 60 
ttttcctgct gtttgaggga agtttgccct tcttcttccg tcgtccttcg taaaccatta 120 
tttctatttc ctctcctttt aagtttttaa gtttcgct 

<210> 3 
<211> 6714 
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<212> DNA 

<213> grapevine leaf roll-associated virus 3 

<400> 3 _ 
atggactaca ttcgcccatt gcgcgttttc tcctttcctc acgttaataa caccttggag 60 
tacgttaggt acaacaaggc caatggtgat gtaggagctt tcctaaccac catgaagttc 120 
atagggaacg tgaagttgtc ggacttcaca cccaggtgcg cagctatgat ttacattgga 180 
aagctcacca aaggggtgaa gcgtacgttt gtccccccac cagttaaagg gtttgcacgg 240 
cagtacgctg ttgtcagcgg ctcagtcagc gcgctgagag gggatggtaa gaaggtcttg 300 
atggaggcaa ggacctcaac ttccgcaact tccgacgtgt ctgatttcga cgtcgtattc 360 
gaagctgttt ctaatgcatt acttgtcgta cactaccacc gggtagtgcc gtatgccccc 420 
qtcaagcgcg agcagcctaa accggctgtt aagcaagatg agcagaagcc caaacggcaa 480 
qcgtcacatt gggctgttaa gccaacagct gttggcgtcc acgtaccact tcctaaaaaa 540 
caggaagcac tggagccagc gcaatcagtc ccacaacagt cgttggagga gaaggccgcc 600 
ttqacgtttg gccttttctt cagtaaaggt gggggtgatg agagcgacgc tgtcatcttg 660 
cggaaaggga aattgtttaa cagggccctt aatgttccta ttgatgtaaa gaacacgttc 720 
gtttgggcta aaatctggga tgaagcctct cgtagga-gag ggtattttta cgtcaaagat 780 
agagctgtta aattcttccc tattgtgcgg ggtagggcta cgatcgagga cttcatcgtg 840 
aatacagccc cagggtgtga tgttgccttg ccgcgcattg agttgtggag tatgcgcgaa 900 
aqqgcgtttg tatgcaccac caaagggtgg tgttggttta acaatgagag gctgagggga 960 
gaaatttaca gacgtcgttg cttctcatct tccttttcga taggtttctt gatgcacctt 1020 
ggctttagat cgttaaaggt cattaggttt gcgggcacga acatactaca catgccatca 1080 
ctcaatgaag agcgtacctt tgggtggaag ggcggagacg tctatctccc caatgtccca 1140 
aaaaccgcta tcgtcgctgg cgataggaca cggttgggag gggagatctt ggcctccgtc 1200 
gccaatgccc ttaatcaaga ggaggtctat tcatcggtcg tttcgagtat caccaataga 1260 
ctggtattaa gggaccaatc ggcattgctt tcccatttgg acacgaaatt Jtgcg-tatg 1320 
ttttctcaaa gggacgcaat gattcgcgaa aaaccctcac ataggtgcga tgtgtttctg 1380 
aagccgcggg aaagggagaa' gctgagggaa ctctttccag agctttcgat -agttctcc 1440 
gactcggtca ggagtagtca cccattcgct aatgccatgc ggagctgttt caatggaatc 500 
ttttccagga ggtgtggtaa tgtgtgcttc ttcgatattg gggggagctt cacgtatcat 560 
gtcaaagctg gccatgtgaa ctgtcatgta tgcaatccag ccctagacgt taaagatgtg 620 
aagcggagaa tcaatgagat cctctttctt tccacagctg ggggagattc gtacgtgtcc 1680 
agtgaccttc taactgaagc ggcttcaaag tctgtgtctt actgtagtcg agaatcgcag 740 
aactgcgatt ctagagccga tgcgggtttt atggtggatg tgtacgatat ^ccccgcag 800 
caggtagcag aggctatgga taagaagggt gcgctggttt tcgacatagc tcttatgttc 1860 
cccgtggagt tgttgtacgg taacggtgaa gtttacttgg aagaactcga tacgttggtg 1920 
a agggaag gtgattacct ggcctacaat gttggtcagt gtggtgagat gtatgaacat 
tccttctcta acgtaagcgg gtttttcacc ttttcttatg tacgcacttc gtccgggaac 2040 
gtgtttaagc tagagtatga gggataccgt tgtggttacc atcatctcac tatgtgtagg 2100 
gctcagaagt cacctggaac tgaggttacg tataggtcgt tggtcccgtc gttcgtgggc 2160 
aaatcgctgg tgttcatacc tgttgtagct ggttctagtg tgtcctttaa gacaatagtc 2220 
ctcgattcgg actttgtcga caggatctat tcctacgcgc tcaacactat agggacattc 2280 
gagaatagaa cgtttgagta tgccgttggg gcggtcaggt cgcaaaagac ccatgtcatt 2340 
ac.ggg.gtc gcgtrgtcca cagcaaggtt gatatttctc ctgatgatat gtggggttta 2400 
gttgtcgctg ttatggctca ggcgattaag gatagggcga agagtattcg ctcctataac 2460 
tttataaaag ccagtgaggg gagtctcgcc ggggtcttca agctcttctt tcagaccgta 2520 
ggcgattgtt tttcgaacgc agtctccgtc tatgctaagg caatggtgca cgataacttc 2580 
aacgttttgg agacgcttat gtctatgccc agagcgttca tccgtaaagt acctgggtct 2640 
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qtt gttgtta ccatttgcac ttctggagct tcagacaggt tggagctcag gggtgccrtt 2700 . 
gatatttcga aggagacctt cggtaggaaa ctgaagaata gtcgcttgcg cgtcttctct 2760 
agggctatcg tggaagattc aattaaggtc atgaaggcaa tgaagacaga agatggaaaa 2820 
cccctgccaa ttactgaaga ttctgtatat gcgttcataa tggggaacgt ttotaacgtc 2880 
cactgtacga gggcaggtct tcttggcggt tcgaaagcga ccgtggtttc gagtgtttct 2940 
aagggtttgg tagctcgtgg ggctgcgacg aaggcctttt ctggcattac gtcgttcttt 3000 
tccacaggtt cactattcta cgaccgcggt ttaactgaag atgaaaggct tgatgctctg 3060 
gtgcgcacag agaatgctat aaactcaccg gtgggcatac tggagacgtc gcgcgtagct 3120 
gtgagcaagg tcgtagctgg aacgaaagaa ttttggagtg aagtttcctt aaatgacttc 3180 
accactttcg tattgcggaa taaggtgctt atcgggatat tcgtggcgtc tttgggtgcg 3240 
gccccaattg catggaagta taggcgcgga attgcggcta acgctagaag gtacgcgggc 3300 
aqtagttacg aaactctaag ctcgttaagt tcacaagccg ccggtggttt acgcggttta 3360 
acctctagca cagtatccgg tggatcttta gtcgtgcgaa gagggttttc gtcggcggtg 3420 
accgtcacta gggcgaccgt agctaaacgt caagtcccct tagcgttgct atcgttttct 3480 
acctcatacg ccatttccgg ctgcagtatg ttaggcattt gggcacatgc tcttccacgg 3540 
cacttaatgt ttttctttgg tttagggaca ttgcttgggg cgagggctag cgcgaatact 3600 
tggaagtttg gaggcttctc caataattgg tgcgctgttc ccgaggttgt ttggcgaggg 3660 
aagagtgtca gctcattgtt actgcctatt acgctagggg tatctttgat cataaggggc 3720 
ttgcttaacg acaccatacc tcaacttgct tacgtcccac cggtagaggg gaggaatgtg 3780 
tacgatgaga cgcttaggta ttaccgggac tttgactatg acgaaggtgc tggtccatct 3840 
gggLcagc atgaagcggt tcccggtgac gataacgatg gatccacttc tagtgtctca 3900 
agctatgatg ttgtcacaaa tgtgcgcgac gtggggatta gcaccaacgg ggaagttact 3960 
ggtgaagaag agacccattc acctcgaagc gtgcaataca cttatgtcga ggaagaggtt 4020 
gccccgtctg cagctgtggc ggaaagacaa ggtgatccgt cgggttctgg taccgctgac 0 
gctatggctt ttgttgaaag tgtgaaaaaa ggtgtcgacg atgtctttca ccaacagtct 4140 
agtggggaaa cggctcgtga ggttgaggtg gacggcaaag ggttgctccc agaaagcgtc 4200 
gtcggtgagg cgccgacaca agaaagggga agagctgcag atggtaacac agcacaaacc 4260 
"cggtcaacg aaggcgacag ggagccagta cagtccagtc ttgtgagttc gccacaggct 320 
gatattccaa aggtcaccca gtccgaggta catgctcaga aagaagtgaa acaagaagta 4380 
ccattggcga ctgtttcggg cgccacgcca atcgtcgatg agaaacccgc cccaagtgtt 440 
acgactcgtg gtgtgaagat aattgacaag ggcaaggccg tcgctcatgt ggctgagaaa 500 
aaacaggtac aagtcgagca gcccaaacag aggagtttga cgatcaatga aggcaaggcc 560 
ggtaaacagc tttgcatgtt tagaacgtgt tcctgcggtg tgcagctgga tgtgtacaac 4620 
gaagcgacta tcgccaccag gttctcaaac gcatttacct ttgtcgataa cttgaaaggg 6 0 
aggagtgcgg tctttttctc aaagctgggt gaggggtata cctataatgg tggtagccat 4740 
gtttcatcag ggrggcctcg tgccctagag gatatcttaa cggcaattaa gtacccaagc 800 
gtcttcgacc actgtttagt gcagaagtac aagatgggtg gaggcgtacc attccacgct 860 
ga.gacgagg agtgctatcc atcagataac cctatcttga cggtcaacct cgtgggg..g ^ 
gcaaacttct cgactaagtg caggaagggt ggtaaggtca tggtcataaa cgtagcttcg 4980 
ggtgactatt ttcttatgcc ttgcggtttt caaaggacgc acttgcattc agtaaactcc 5040 
atcgacgaag ggcgcatcag tttgacgttc agggcaactc ggcgcgtctt tggtgtaggc 5100 
aggatgttgc agttagccgg cggcgtgtcg gatgagaagt caccaggtgt tccaaaccag 5160 
caaccacaga gccaaggtgc taccagaaca atcacaccaa aatogggggg caaggctcta 5220 
tctgagggaa gtggtaggga agtcaagggg aggtcgacat actcgatatg gtgcgaacaa 5280 
gattacgtta ggaagtgtga gtggctcagg gctgataatc cagtgatggc tcttgaacct 5340 
gactacaccc caatgacatt tgaagtggtt aaaaccggga cctctgaaga tgccgtcgtg 5 00 
gagtacttga agtatctggc tataggcatt gagaggacat acagggcgtt gcttatggct 5460 
agaaatattg ccgrcactac cgccgaaggt gttctgaaag tacctaatca agtttatgaa 5520 
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tcactaccgg gctttcacgt ttacaagtcg ggcacagatc tcatttttca ttcaacacaa 5580 
gacggcttgc gtgtgagaga cctaccgtac gtactcatag ctgaaaaagg tatctttacc 5640 
aagggcaaag atgtcgacgc ggtggtagct ttgggcgaca atctgttcgt atgcgacgat 5700 
atactggttt tccacgatgc cattaatttg ataggtgcac tgaaagtcgc tcgatgcggc 57 60 
atggtgggcg aatcgtttaa gtccttcgaa tataagtgct ataatgctcc cccaggtggc 5820 
ggtaagacga cgacgttagt ggacgaattc gttaagtcac ccaatagcac agccaccatt 5880 
acggctaatg tgggaagttc tgaggacata aatatggcgg tgaagaagag agatccgaat 5940 
ttggaaggtc tcaacagtgc taccacagtt aactccaggg tggtaaactt tatcgtcagg 6000 
ggaatgtata aaagggtttt ggtggatgag gtgcacatga tgcatcaagg cttactacaa 6060 
ctaggcgtct tcgcaaccgg cgcgtcggaa ggcctctttt ttggagacat aaatcagata 6120 
ccattcataa acagggagaa ggtgtttagg atggattgtg ctgtttttgt tccaaagaag 6180 
gaaagcgttg tatacacttc taaatcgtac aggtgtccgt tagatgtttg ctacttgttg 6240 
tcctcaatga ccgtaagggg aacggaaaag tgttaccctg aaaaggtcgt tagcggtaag 6300 
gacaaaccag tagtaagatc gctgtccaaa aggccaattg gaaccactga tgacgtagct 6360 
gaaataaacg ctgacgtgta cttgtgcatg acccagttgg agaagtcgga tatgaagagg 6420 
tcgttgaagg gaaaaggaaa agaaacacca gtgatgacag tgcatgaagc acagggaaaa 6480 
acattcagtg atgtggtatt gtttaggacg aagaaagccg atgactccct attcactaaa 654 0 
caaccgcata tacttgttgg tttgtcgaga cacacacgct cactggttta tgccgctctg 6600 
agctcaaagt tggacgataa ggtcggcaca tatattagcg acgcgtcacc tcaatcagta 6660 
tccgacgctt tgcttcacac gttcgccccg gctggttgct ttcgaggtat atga 6714 

<210> 4 
<211> 360 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 

<400> 4 cn 
gtcagcggct cagtcagcgc gctgagaggg gatggtaaga aggtcttgat ggaggcaagg 60 
acctcaactt ccgcaacttc cgacgtgtct gatttcgacg tcgtattcga agctgtttct 120 
aatgcattac ctgtcgtaca ctaccaccgg gtagtgccgt atgcccccgt caagcgcgag 180 
cagcctaaac cggctgttaa gcaagatgag cagaagccca aacggcaagc gtcacattgg 240 
gctgttaagc caacagctgt tggcgtccac gtaccacttc ctaaaaaaca ggaagcactg 300 
gagccagcgc aatcagtccc acaacagtcg ttggaggaga aggccgcctt gacgtttggc 360 

<210> 5 
<211> 120 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 

<400> 5 „ , T 

Val Ser Gly Ser Val Ser Ala Leu Arg Gly Asp Gly Lys Lys Val Leu 

1 5 10 15 

Met Glu Ala Arg Thr Ser Thr Ser Ala Thr Ser Asp Val Ser Asp Phe 
20 25 30 

Asp Val Val Phe Glu Ala Val Ser Asn Ala Leu Leu Val Val His Tyr 
35 40 45 
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His Arg Val Val Pro Tyr Ala Pro Val Lys Arg Glu Gin Pro Lys Pro 



50 



55 



60 



Ala Val Lys Gin Asp Glu. Gin Lys Pro Lys Arg Gin Ala Ser His Trp 
65 ™ 75 80 



Ala Val Lys Pro 



Thr Ala Val Gly Val His Val Pro Leu Pro Lys Lys 



85 



90 



95 



Gin Glu Ala Leu Glu Pro Ala Gin Ser Val Pro Gin Gin Ser Leu Glu 

105 110 



100 



Glu Lys Ala Ala Leu Thr Phe Gly 
115 120 



<210> 6 
<211> 816 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 
<400> 6 



ctgaagccgc gggaaaggga gaagctgagg gaactctttc cagagctttc gatacagttc 60 

ccgactcgg tcaggagtag tcacccattc gctaatgcca tgcggagctg tttcaat 
atcttttcca ggaggtgtgg taatgtgtgc ttcttcgata ttggggggag cttcacgtat 180 
catgtcaaag c!ggccatgt gaactgtcat gtatgcaatc cagtcctaga cgttaaagat 240 
gtgaagcgga gaatcaatga gatcctcttt ctttccacag ctgggggaga "cgtacgtg 300 
tccagtgacc ttctaactga agcggcttca aagtctgtgt cttactgtag tcgagaatcg 360 
c gaac gcg attctagagc cgatgcgggt tttatggtgg atgtgtacga t.t.tccccg 
cagcaggtag cagaggctat ggataagaag ggtgcgctgg ttttcgacat agctcttatg 4 0 
t ccccgtgo agttgttgta cggtaacggt gaagtttact tggaagaact cgatacgttg 540 
gcgaagaggg aaggtgatta cctggcctac aatgttggtc agtgtggtga gatgta.gaa 600 
cattccttct ctaacgtaag cgggtttttc accttttctt atgtacgcac ttcgtccggg 660 
aacgtgttta agctagagta tgagggatac cgttgtggtt accatcatct cactatgtgt 720 
agggctcaga agtcacctgg aactgaggtt acgtatagg. cgttggtccc g.cgttcgtg 780 
ggcaaatcgc tggtgttcat acctgttgta gctggt 



<210> 7 
<211> 272 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 



TeuVs Pro Arg Glu Arg Glu Lys Leu Arg Glu Leu Phe Pro Glu Leu 

10 15 



1 



Ser lie Gin Phe Ser Asp Ser Val Arg Ser Ser His Pro Phe Ala Asn 
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20 



25 



30 



Ala Met Arg Ser Cys Phe Asn Gly He Phe Ser Arg Arg Cys Gly Asn 



35 



40 



45 



Val Cys Phe Phe Asp He Gly Gly Ser Phe Thr Tyr His Val Lys Ala 

55 60 



50 



Gly His Val Asn Cys His Val Cys Asn Pro Val Leu Asp Val Lys Asp 



65 



70 



75 



80 



Val Lys Arg Arg He Asn Glu He Leu Phe Leu Ser Thr Ala Gly Gly 



85 



90 



95 



Asp Ser Tyr Val Ser Ser Asp Leu Leu Thr Glu Ala Ala Ser Lys Ser 
100 1° 5 110 

Val Ser Tyr Cys Ser Arg Glu Ser Gin Asn Cys Asp Ser Arg Ala Asp 
115 120 125 

Ala Gly Phe Met Val Asp Val Tyr Asp lie Ser Pro Gin Gin Val Ala 
130 135 1^0 



Glu Ala Met Asp Lys Lys Gly Ala Leu Val Phe Asp lie Ala Leu Met 
145 150 * "5 160 



Phe Pro 



Val Glu Leu Leu Tyr Gly Asn Gly Glu Val Tyr Leu Glu Glu 



165 



170 



175 



Leu Asp Thr Leu Val Lys Arg Glu Gly Asp Tyr Leu Ala Tyr Asn Val 
180 185 190 

u Met Tyr Glu His Ser Phe Ser Asn Val Ser Gly 



Gly Gin Cys Gly Gl 
195 



200 



205 



Phe Phe Thr Phe Ser Tyr Val Arg Thr Ser Ser Gly Asn Val Phe Lys 
210 215 220 

Leu Glu Tyr Glu Gly Tyr Arg Cys Gly Tyr His His Leu Thr Met Cys 
225 230 235 240 

Arg Ala Gin Lys Ser Pro Gly Thr Glu Val Thr Tyr Arg Ser Leu Val 



245 



250 



Pr 



o Ser Phe Val Gly Lys Ser Leu Val Phe lie Pro Val Val Ala Gly 



260 



265 



270 
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<210> 8 
<211> 873 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 



<400> 8 

gtgggcgaat cgtttaagtc cttcgaatat 
aagacgacga cgttagtgga cgaattcgtt 
gcraatgtgg gaagttctga ggacataaat 
gaaggtctca acagtgctac cacagttaac 
atgtataaaa gggttttggt ggatgaggtg 
ggcgtcttcg caaccggcgc gtcggaaggc 
ttcataaaca gggagaaggt gtttaggatg 
agcgttgtat acacttctaa atcgtacagg 
tcaatgaccg taaggggaac ggaaaagtgt 
aaaccagtag taagatcgct gtccaaaagg 
ataaacgctg acgtgtactt gtgcatgacc 
ttgaagggaa aaggaaaaga aacaccagtg 
ttcagtgatg tggtattgtt taggacgaag 
ccgcatatac ttgttggttt gtcgagacac 
tcaaagttgg acgataaggt cggcacatat 



aagtgctata atgctccccc aggtggcggt 60 
aagtcaccca atagcacagc caccattacg 120 
atggcggtga agaagagaga tccgaatttg 180 
tccagggtgg taaactttat cgtcagggga 240 
cacatgatgc atcaaggctt actacaacta 300 
ctcttttttg gagacataaa tcagatacca 360 
gattgtgctg tttttgttcc aaagaaggaa 420 
tgtccgttag atgtttgcta cttgttgtcc 480 
taccctgaaa aggtcgttag cggtaaggac 540 
ccaattggaa ccactgatga cgtagctgaa 600 
cagttggaga agtcggatat gaagaggtcg 660 
atgacagtgc atgaagcaca gggaaaaaca 720 
aaagccgatg actccctatt cactaaacaa 780 
acacgctcac tggtttatgc cgctctgagc 840 



<210> 9 
<211> 291 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 



<400> 9 

Val Gly Glu Ser Phe Lys Ser Phe Glu Tyr Lys Cys Tyr Asn Ala Pro 
1 5 10 15 

Pro Gly Gly Gly Lys Thr Thr Thr Leu Val Asp Glu Phe Val Lys Ser 
20 25 30 

Pro Asn Ser Thr Ala Thr He Thr Ala Asn Val Gly Ser Ser Glu Asp 
35 40 45 

lie Asn Met Ala Val Lys Lys Arg Asp Pro Asn Leu Glu Gly Leu Asn 
50 55 60 

Ser Ala Thr Thr Val Asn Ser Arg Val Val Asn Phe lie Val Arg Gly 

-in 75 80 

65 70 



Met Tyr Lys Arg Val Leu Val Asp Glu Val His Met Met His Gin Gly 
85 90 95 
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Leu Leu Gin Leu Gly Val Phe Ala Thr Gly Ala Ser Glu Gly Leu Phe 
100 105 HO 

Phe Gly Asp lie Asn Gin He Pro Phe He Asn Arg Glu Lys Val Phe 
H5 120 125 

Arg Met Asp Cys Ala Val Phe Val Pro Lys Lys Glu Ser Val Val Tyr 
130 135 140 

Thr Ser Lys Ser Tyr Arg Cys Pro Leu Asp Val Cys Tyr Leu Leu Ser 
145 150 155 160 

Ser Met Thr Val Arg Gly Thr Glu Lys Cys Tyr Pro Glu Lys Val Val 
165 170 "5 

Se- Gly Lvs Asp Lys Pro Val Val Arg Ser Leu Ser Lys Arg Pro lie 
180 185 190 

Gly Thr Thr Asp Asp Val Ala Glu lie Asn Ala Asp Val Tyr Leu Cys 
195 200 205 

Met Thr Gin Leu Glu Lys Ser Asp Met Lys Arg Ser Leu Lys Gly Lys 
210 215 220 

Glv Lys Glu Thr Pro Val Met Thr Val His Glu Ala Gin Gly Lys Thr 
22 5 230 235 240 

Phe Ser Asp Val Val Leu Phe Arg Thr Lys Lys Ala Asp Asp Ser Leu 
245 250 255 



Phe Thr Lys Gin Pro His He Leu Val Gly Leu Ser Arg His Thr Arg 
260 265 270 

Ser Leu Val Tyr Ala Ala Leu Ser Ser Lys Leu Asp Asp Lys Val Gly 
275 280 285 



Thr Tyr He 
290 



<210> 10 
<211> 1599 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 
<400> 10 

atgaattttg gaccgacctt cgaaggggag ttggtacgga agataccaac aagtcatttt 
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gtagccgtga atgggtttct cgaggactta ctcgacggtt gtccggcttt cgactatgac 120 
ttctttgagg atgatttcga aacttcagat cagtctttcc tcatagaaga tgtgcgcatt 180 
tctgaatctt tttctcattt tacgtcgaaa atagaggata ggttttacag ttttattagg 240 
tctagcgtag gtttaccaaa gcgcaacacc ttgaagtgta acctcgtcac gtttgaaaat 300 
aggaatttca acgccgatcg cggttgtaac gtgggttgtg acgactctgt ggcgcatgaa 360 
ctgaaggaga ttttcttcga ggaggtcgtt aacaaagctc gtttagcaga ggtgacggaa 420 
agccatttgt ccagcaacac gatgttgtta tcagattggt tggacaaaag ggcacctaac 480 
gcttacaagt ctctcaagcg ggctttaggt tcgtttgtct ttcatccgtc tatgttgact 540 
tcttatacgc tcatggtgaa agcagacgta aaacccaagt tggacaatac gccattgtcg 600 
aagtacgtaa cggggcagaa tatagtctac cacgataggt gcgtaactgc gcttttttct 660 
tgcattttta ctgcgtgcgt agagcgctta aaatacgtag tggacgaaag gtggctcttc 720 
taccacggga tggacactgc ggagttggcg gctgcattga ggaacaattt gggggacatc 780 
cggcaatact acacctatga actggatatc agtaagtacg acaaatctca gagtgctctc 840 
atgaagcagg tggaggagtt gatactcttg acacttggtg ttgatagaga agttttgtct 900 
actttctttt gtggtgagta tgatagcgtc gtgagaacga tgacgaagga attggtgttg 960 
tctgtcggct ctcagaggcg cagrggtggt gctaacacgt ggttgggaaa tagtttagtc 1020 
ttgtgcaccr tgttgtccgt agtacttagg ggattagatt atagttatat tgtagttagc 1080 
ggtgatgata gccttatatt tagtcggcag ccgttggata ttgatacgtc ggttctgagc 1140 
gataattttg gttttgacgt aaagattttt aaccaagctg ctccatattt ttgttctaag 1200 
tttttagttc aagtcgagga tagtctcttt tttgttcccg atccacttaa actcttcgtt 1260 
aagtttggag cttccaaaac ttcagatatc gaccttttac atgagatttt tcaatctttc 1320 
gtcgatcttt cgaagggttt caatagagag gacgtcatcc aggaattagc taagctggtg 1380 
acgcggaaat ataagcattc gggatggacc tactcggctt tgtgtgtctt gcacgtttta 1440 
agtgcaaatt tttcgcagtt ctgtaggtta tattaccaca atagcgtgaa tctcgatgtg 1500 
cgccctattc agaggaccga gtcgctttcc ttgctggcct tgaaggcaag aattttaagg 1560 
tggaaagctt ctcgttttgc cttttcgata aagaggggt 1599 

<210> 11 
<211> 533 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 
<400> 11 

Met Asn Phe Gly Pro Thr Phe Glu Gly Glu Leu Val Arg Lys lie Pro 
15 10 15 

Thr Ser His Phe Val Ala Val Asn Gly Phe Leu Glu Asp Leu Leu Asp 
20 25 30 

Gly Cys Pro Ala Phe Asp Tyr Asp Phe Phe Glu Asp Asp Phe Glu Thr 
35 40 45 

Ser Asp Gin Ser Phe Leu lie Glu Asp Val Arg He Ser Glu Ser Phe 
50 55 60 

Ser His Phe Thr Ser Lys He Glu Asp Arg Phe Tyr Ser Phe He Arg 
65 70 75 80 
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Ser Ser Val Gly Leu Pro Lys Arg Asn Thr Leu Lys Cys Asn Leu Val 
85 9° 95 

Thr Phe Glu Asn Arg Asn Phe Asn Ala Asp Arg Gly Cys Asn Val Gly 
100 105 HO 

Cys Asp Asp Ser Val Ala His Glu Leu Lys Glu lie Phe Phe Glu Glu 
u5 120 125 

Val Val Asn Lys Ala Arg Leu Ala Glu Val Thr Glu Ser His Leu Ser 
130 135 I 40 



Ser Asn Thr Met Leu Leu Ser Asp Trp Leu Asp Lys Arg Ala Pro Asn 
145 150 155 160 



Ala Tyr Lys Ser Leu Lys Arg Ala Leu Gly Ser Phe Val Phe His Pro 
165 170 I 75 



Ser Met Leu Thr Ser Tyr Thr Leu Met Val Lys Ala Asp Val Lys Pro 
180 185 190 

Lys Leu Asp Asn Thr Pro Leu Ser Lys Tyr Val Thr Gly Gin Asn lie 
195 200 205 

Val Tyr His Asp Arg Cys Val Thr Ala Leu Phe Ser Cys He Phe Thr 
210 215 220 

Ala Cys Val Glu Arg Leu Lys Tyr Val Val Asp Glu Arg Trp Leu Phe 
225 230 235 240 



ryr 



His Gly Met Asp Thr Ala Glu Leu Ala Ala Ala Leu Arg Asn Asn 



255 



245 250 
Leu Gly Asp He Arg Gin Tyr Tyr Thr Tyr Glu Leu Asp lie Ser Lys 



260 



265 



270 



Tvr Asp Lys Ser Gin Ser Ala Leu Met Lys Gin Val Glu Glu Leu lie 

280 285 



275 



Leu Leu Thr Leu Gly Val Asp Arg Glu Val Leu Ser Thr Phe Phe Cys 
290 295 300 

Gly Glu Tyr Asp Ser Val Val Arg Thr Met Thr Lys Glu Leu Val Leu ■ 

■a in 315 320 

305 310 

Ser Val Gly Ser Gin Arg Arg Ser Gly Gly Ala Asn Thr Trp Leu Gly 
325 330 335 
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AS 



n Ser Leu Val Leu Cys Thr Leu Leu Ser Val Val Leu Arg Gly Leu 



340 



345 



350 



Asp Tyr Ser Tyr He Val Val Ser Gly Asp Asp Ser Leu lie Phe Ser 
355 360 365 

Arg Gin Pro Leu Asp He Asp Thr Ser Val Leu Ser Asp Asn Phe Gly 

^ 380 



370 



375 



Phe Asp Val Lys He Phe Asn Gin Ala Ala Pro Tyr Phe Cy S Ser Lys 



385 



390 



395 



Phe Leu Val Gin Val Glu Asp Ser Leu Phe Phe Val Pro Asp Pro Leu 
405 410 415 

Lys Leu Phe Val Lys Phe Gly Ala Ser Lys Thr Ser Asp lie Asp Leu 



420 



425 



Leu His Glu lie Phe Gin Ser Phe Val Asp Leu Ser Lys Gly Phe Asn 

— 4 4 5 



435 



440 



Arc Glu Asp Val He Gin Glu Leu Ala Lys Leu Val Thr Arg Lys Tyr 

455 450 



450 

Lys His Ser Gly Tr P Thr Tyr Ser Ala Leu Cys Val Leu His Val Leu 
465 470 475 



Ser Ala Asn Phe Ser Gin Phe Cys Arg Leu Tyr Tyr His Asn Ser Val 



485 



490 



Asn Leu Asp Val Arg Pro lie Gin Arg Thr Glu Ser Leu Ser Leu Leu 



500 



505 



*la Leu Lys Ala Arg He Leu Arg Trp Lys Ala Ser Arg Phe Ala Phe 
515 520 525 

Ser lie Lys Arg Gly 
530 



<210> 12 
<211> HI 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 

a^aigtt gttcagccag tgtcaaattt tcaaacgggt tacaattatc jct.ctt.tt 60 
tgcgcatgtt tgttagcggt gctaattgtt agcttttgta gaaggcgatg a 
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<210> 13 
<211> 36 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 
<400> 13 

Met Leu Cys Cys Ser Ala Ser Val Lys Phe Ser Asn Gly Leu Gin Leu 
1 5 10 15 

Ser Leu Leu lie Cys Ala Cys Leu Leu Ala Val Leu lie Val Ser Phe 
20 25 30 



Cys Arg Arg Arg 
35 



<210> 14 
<211> 279 
<212> DNA 

<213> grapevine leaf roll-associated virus 3 



<400> 14 

aaaaatcctt caataaattt gaaataaaca 
tctttttgtt cgtctttcgc ttttgtagaa 
ctttacctca cggtttaata ctctgatatt 
tattatatta gtatagtata ataaacgcca 
gcctcttacg aggctaactt atcgacaata 



aaagtaagaa aaatgaaata attaggctag 60 

taggttttat ttcgaggtaa gatgactaaa 120 

tgtaaaatta gtccgtaaag tcgatagtga 180 

aaatccaatt aaagtttggg acctaggcgg 240 
agttaggtc 279 



<210> 15 
<211> 2237 
<212> PRT 

<213> grapevine leaf roll-associated virus 3 



<400> 15 

Met Asp Tyr He Arg Pro Leu Arg 
1 5 

Asn Thr Leu Glu Tyr Val Arg Tyr 
20 

Ala Phe Leu Thr Thr Met Lys Phe 
35 40 

Phe Thr Pro Arg Cys Ala Ala Met 
50 55 

Gly Val Lys Arg Thr Phe Val Pro 



Val Phe Ser Phe Pro His Val Asn 
10 15 

Asn Lys Ala Asn Gly Asp Val Gly 
25 30 

He Gly Asn Val Lys Leu Ser Asp 

.45 

He Tyr He Gly Lys Leu Thr Lys 
60 

Pro Pro Val Lys Gly Phe Ala Arg 
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65 



70 



75 



80 



Gin Tyr Ala Val Val Ser Gly Ser Val Ser Ala Leu Arg Gly Asp Gly 
85 90 95 

Lys Lys Val Leu Met Glu Ala Arg Thr Ser Thr Ser Ala Thr Ser Asp 
100 105 110 

Val Ser Asp Phe Asp Val Val Phe Glu Ala Val Ser Asn Ala Leu Leu 
115 120 125 

Val Val His Tyr His Arg Val Val Pro Tyr Ala Pro Val Lys Arg Glu 
130 135 140 

Gin Pro Lys Pro Ala Val Lys Gin Asp Glu Gin Lys Pro Lys Arg Gin 
145 150 155 160 

Ala Ser His Trp Ala Val Lys Pro Thr Ala Val Gly Val His Val Pro 
165 170 175 

Leu Pro Lys Lys Gin Glu Ala Leu Glu Pro Ala Gin Ser Val Pro Gin 
180 185 190 

Gin Ser Leu Glu Glu Lys Ala Ala Leu Thr Phe Gly Leu Phe Phe Ser 
195 200 205 

Lys Gly Gly Gly Asp Glu Ser Asp Ala Val He Leu Arg Lys Gly Lys 
210 215 220 

Leu Phe Asn Arg Ala Leu Asn Val Pro He Asp Val Lys Asn Thr Phe 
225 230 235 240 

Val Trp Ala Lys He Trp Asp Glu Ala Ser Arg Arg Arg Gly Tyr Phe 
245 250 255 

Tyr Val Lys Asp Arg Ala Val Lys Phe Phe Pro He Val Arg Gly Arg 
260 265 270 

Ala Thr He Glu Asp Phe He Val Asn Thr Ala Pro Gly Cys Asp Val 
275 280 285 

Ala Leu Pro Arg He Glu Leu Trp Ser Met Arg Glu Arg Ala Phe Val 
290 295 300 

Cys Thr Thr Lys Gly Trp Cys Trp Phe Asn Asn Glu Arg Leu Arg Gly 
305 310 315 . 320 



Glu He Tyr Arg Arg Arg Cys Phe Ser Ser Ser Phe Ser He Gly Phe 
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325 



330 



335 



Leu Met His Leu Gly Phe Arg Ser Leu Lys Val lie Arg Phe Ala Gly 
340 345 350 

Thr Asn He Leu His Met Pro Ser Leu Asn Glu Glu Arg Thr Phe Gly 
355 360 365 

Trp Lys Gly Gly Asp Val Tyr Leu Pro Asn Val Pro Lys Thr Ala He 
370 375 380 

Val Ala Gly Asp Arg Thr Arg Leu Gly Gly Glu He Leu Ala Ser Val 
385 390 395 400 

Ala Asn Ala Leu Asn Gin Glu Glu Val Tyr Ser Ser Val Val Ser Ser 
405 410 415 

lie Thr Asn Arg Leu Val Leu Arg Asp Gin Ser Ala Leu Leu Ser His 
420 425 430 

Leu Asp Thr Lys Leu Cys Asp Met Phe Ser Gin Arg Asp Ala Met He 
435 440 445 

Arg Glu Lys Pro Ser His Arg Cys Asp Val Phe Leu Lys Pro Arg Glu 
450 455 460 

Arg Glu Lys Leu Arg Glu Leu Phe Pro Glu Leu Ser He Gin Phe Ser 
465 470 475 480 

Asp Ser Val Arg Ser Ser His Pro Phe Ala Asn Ala Met Arg Ser Cys 
485 490 495 



Phe 



Asn Gly He Phe Ser Arg Arg Cys Gly Asn Val Cys Phe Phe Asp 



500 



505 



510 



He Gly Gly Ser Phe Thr Tyr His Val Lys Ala Gly His Val Asn Cys 
515 520 525 

His Val Cys Asn Pro Val Leu Asp Val Lys Asp Val Lys Arg Arg He 
530 535 540 

Asn Glu He Leu Phe Leu Ser Thr Ala Gly Gly Asp Ser Tyr Val Ser 
545 550 555 560 

Ser Asp Leu Leu Thr Glu Ala Ala Ser Lys Ser Val Ser Tyr Cys Ser 
565 570 575 

Arg Glu Ser Gin Asn Cys Asp Ser Arg Ala Asp Ala Gly Phe Met Val 
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580 



585 



590 



Asp Val Tyr Asp He Ser Pro Gin Gin Val Ala Glu Ala Met Asp Lys 
595 600 605 

Lys Gly Ala Leu Val Phe Asp He Ala Leu Met Phe Pro Val Glu Leu 
610 615 620 

Leu Tyr Gly Asn Gly Glu Val Tyr Leu Glu Glu Leu Asp Thr Leu Val 
625 630 635 640 

Lys Arg Glu Gly Asp Tyr Leu Ala Tyr Asn Val Gly Gin Cys Gly Glu 
645 650 655 

Met Tyr Glu His Ser Phe Ser Asn Val Ser Gly Phe Phe Thr Phe Ser 
660 665 670 

Tyr Val Arg Thr Ser Ser Gly Asn Val Phe Lys Leu Glu Tyr Glu Gly 
6 75 680 685 

Tyr Arg Cys Gly Tyr His His Leu Thr Met Cys Arg Ala Gin Lys Ser 
690 695 700 

Pro Gly Thr Glu Val Thr Tyr Arg Ser Leu Val Pro Ser Phe Val Gly 
705 710 715 720 



Lys Ser Leu Val Phe lie Pro Val Val Ala Gly Ser Ser Val Ser Phe 
725 730 735 

Lys Thr lie Val Leu Asp Ser Asp Phe Val Asp Arg lie Tyr Ser Tyr 
740 745 750 

Ala Leu Asn Thr lie Gly Thr Phe Glu Asn Arg Thr Phe Glu Tyr Ala 
755 760 765 

Val Gly Ala Val Arg Ser Gin Lys Thr His Val He Thr Gly Ser Arg 
770 775 780 

Val Val His Ser Lys Val Asp He Ser Pro Asp Asp Met Trp Gly Leu 
785 790 795 800 

Val Val Ala Val Met Ala Gin Ala He Lys Asp Arg Ala Lys Ser He 
805 810 815 

Arg Ser Tyr Asn Phe He Lys Ala Ser Glu Gly Ser Leu Ala Gly Val 
820 825 830 

Phe Lys Leu Phe Phe Gin Thr Val Gly Asp Cys Phe Ser Asn Ala Val 
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835 840 845 

Ser Val Tyr Ala Lys Ala Met Val His Asp Asn Phe Asn Val Leu Glu 
850 855 860 

Thr Leu Met Ser Met Pro Arg Ala Phe lie Arg Lys Val Pro Gly Ser 
865 870 875 880 

Val Val Val Thr lie Cys Thr Ser Gly Ala Ser Asp Arg Leu Glu Leu 
885 890 895 

Arg Gly Ala Phe Asp lie Ser Lys Glu Thr Phe Gly Arg Lys Leu Lys 
900 905 910 

Asn Ser Arg Leu Arg Val Phe Ser Arg Ala lie Val Glu Asp Ser He 
915 920 925 

Lys Val Met Lys Ala Met Lys Thr Glu Asp Gly Lys Pro Leu Pro He 
930 935 940 

Thr Glu Asp Ser Val Tyr Ala Phe He Met Gly Asn Val Ser Asn Val 
945 950 955 960 

His Cys Thr Arg Ala Gly Leu Leu Gly Gly Ser Lys Ala Thr Val Val 
965 970 975 

Ser Ser Val Ser Lys Gly Leu Val Ala Arg Gly Ala Ala Thr Lys Ala 
980 985 990 

Phe Ser Gly He Thr Ser Phe Phe Ser Thr Gly Ser Leu Phe Tyr Asp 
995 1000 1005 

Arg Gly Leu Thr Glu Asp Glu Arg Leu Asp Ala Leu Val Arg Thr Glu 
1010 1015 1020 

Asn Ala He Asn Ser Pro Val Gly He Leu Glu Thr Ser Arg Val Ala 
10 25 1030 1035 1040 

Val Ser Lys Val Val Ala Gly Thr Lys Glu Phe Trp Ser Glu Val Ser 
1045 1050 1055 

Leu Asn Asp Phe Thr Thr Phe Val Leu Arg Asn Lys Val Leu He Gly 
1060 1065 1070 

lie Phe Val Ala Ser Leu Gly Ala Ala Pro He Ala Trp Lys Tyr Arg 
10 75 1080 1085 

Arg Gly He Ala Ala Asn Ala Arg Arg Tyr Ala Gly Ser Ser Tyr Glu 
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1090 1095 1100 

Thr Leu Ser Ser Leu Ser Ser Gin Ala Ala Gly Gly Leu Arg Gly Leu 
1105 1110 1115 1120 

Thr Ser Ser Thr Val Ser Gly Gly Ser Leu Val Val Arg Arg Gly Phe 
1125 1130 1135 

Ser Ser Ala Val Thr Val Thr Arg Ala Thr Val Ala Lys Arg Gin Val 
1140 1145 1150 

Pro Leu Ala Leu Leu Ser Phe Ser Thr Ser Tyr Ala lie Ser Gly Cys 
1155 1160 1165 

Ser Met Leu Gly lie Trp Ala His Ala Leu Pro Arg His Leu Met Phe 
1170 1175 1180 

Phe Phe Gly Leu Gly Thr Leu Leu Gly Ala Arg Ala Ser Ala Asn Thr 
1185 1190 1195 1200 

Trp Lys Phe Gly Gly Phe Ser Asn Asn Trp Cys Ala Val Pro Glu Val 
1205 1210 1215 

Val Trp Arg Gly Lys Ser Val Ser Ser Leu Leu Leu Pro lie Thr Leu 
1220 1225 1230 

Gly Val Ser Leu lie lie Arg Gly Leu Leu Asn Asp Thr He Pro Gin 
1235 1240 1245 

Leu Ala Tyr Val Pro Pro Val Glu Gly Arg Asn Val Tyr Asp Glu Thr 
1250 1255 1260 

Leu Arg Tyr Tyr Arg Asp Phe Asp Tyr Asp Glu Gly Ala Gly Pro Ser 
1265 1270 1275 1280 

Gly Thr Gin His Glu Ala Val Pro Gly Asp Asp Asn Asp Gly Ser Thr 
1285 1290 1295 

Ser Ser Val Ser Ser Tyr Asp Val Val Thr Asn Val Arg Asp Val Gly 
1300 1305 1310 

He Ser Thr Asn Gly Glu Val Thr Gly Glu Glu Glu Thr His Ser Pro 
1315 1320 1325 

Arg Ser Val Gin Tyr Thr Tyr Val Glu Glu Glu Val Ala Pro Ser Ala 
1330 1335 1340 

Ala Val Ala Glu Arg Gin Gly Asp Pro Ser Gly Ser Gly Thr Ala Asp 
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1345 1350 1355 1360 

Ala Met Ala Phe Val Glu Ser Val Lys Lys Gly Val Asp Asp Val Phe 
1365 1370 1375 

His Gin Gin Ser Ser Gly Glu Thr Ala Arg Glu Val Glu Val Asp Gly 
1380 1385 1390 

Lys Gly Leu Leu Pro Glu Ser Val Val Gly Glu Ala Pro Thr Gin Glu 
1395 1400 1405 

Arg Gly Arg Ala Ala Asp Gly Asn Thr Ala Gin Thr Ala Val Asn Glu 
1410 1415 1420 

Gly Asp Arg Glu Pro Val Gin Ser Ser Leu Val Ser Ser Pro Gin Ala 
1425 1430 1435 1440 

Asp lie Pro Lys Val Thr Gin Ser Glu Val His Ala Gin Lys Glu Val 
1445 1450 1455 

Lys Gin Glu Val Pro Leu Ala Thr Val Ser Gly Ala Thr Pro He Val 
1460 1465 1470 

Asp Glu Lys Pro Ala Pro Ser Val Thr Thr Arg Gly Val Lys He He 
1475 1480 1485 

Asp Lys Gly Lys Ala Val Ala His Val Ala Glu Lys Lys Gin Val Gin 
1490 1495 1500 

Val Glu Gin Pro Lys Gin Arg Ser Leu Thr He Asn Glu Gly Lys Ala 
1505 1510 1515 1520 

Gly Lys Gin Leu Cys Met Phe Arg Thr Cys Ser Cys Gly Val Gin Leu 
1525 1530 1535 

Asp Val Tyr Asn Glu Ala Thr He Ala Thr Arg Phe Ser Asn Ala Phe 
1540 1545 1550 

Thr Phe Val Asp Asn Leu Lys Gly Arg Ser Ala Val Phe Phe Ser Lys 
1555 1560 1565 

Leu Gly Glu Gly Tyr Thr Tyr Asn Gly Gly Ser His Val Ser Ser Gly 
1570 1575 1580 

Trp Pro Arg Ala Leu Glu Asp He Leu Thr Ala He Lys Tyr Pro Ser 
1585 1590 1595 1600 

Val Phe Asp His Cys Leu Val Gin Lys Tyr Lys Met Gly Gly Gly Val 
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1605 1610 1615 

Pro Phe His Ala Asp Asp Glu Glu Cys Tyr Pro Ser Asp Asn Pro lie 
1620 1625 1630 

Leu Thr Val Asn Leu Val Gly Lys Ala Asn Phe Ser Thr Lys Cys Arg 
1635 1640 1645 

Lys Gly Gly Lys Val Met Val lie Asn Val Ala Ser Gly Asp Tyr Phe 
1650 1655 1660 

Leu Met Pro Cys Gly Phe Gin Arg Thr His Leu His Ser Val Asn Ser 
1665 1670 1675 1680 

He Asp Glu Gly Arg He Ser Leu Thr Phe Arg Ala Thr Arg Arg Val 
1685 1690 1695 

Phe Gly Val Gly Arg Met Leu Gin Leu Ala Gly Gly Val Ser Asp Glu 
1700 1705 1710 

Lys Ser Pro Gly Val Pro Asn Gin Gin Pro Gin Ser Gin Gly Ala Thr 
1715 1720 1725 

Arg Thr He Thr Pro Lys Ser Gly Gly Lys Ala Leu Ser Glu Gly Ser 
1730 1735 1740 

Gly Arg Glu Val Lys Gly Arg Ser Thr Tyr Ser He Trp Cys Glu Gin 
1745 1750 1755 1760 

Asp Tyr Val Arg Lys Cys Glu Trp Leu Arg Ala Asp Asn Pro Val Met 
1765 1770 1775 

Ala Leu Glu Pro Asp Tyr Thr Pro Met Thr Phe Glu Val Val Lys Thr 
1780 1785 1790 

Gly Thr Ser Glu Asp Ala Val Val Glu Tyr Leu Lys Tyr Leu Ala He 
1795 1800 1805 

Gly He Glu Arg Thr Tyr Arg Ala Leu Leu Met Ala Arg Asn lie Ala 
1810 1815 1820 

Val Thr Thr Ala Glu Gly Val Leu Lys Val Pro Asn Gin Val Tyr Glu 
1825 1830 1835 1840 

Ser Leu Pro Gly Phe His Val Tyr Lys Ser Gly Thr Asp Leu He Phe 
1845 1850 1855 

His Ser Thr Gin Asp Gly Leu Arg Val Arg Asp Leu Pro Tyr Val Leu 
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I860 1865 1870 

lie Ala Glu Lys Gly He Phe Thr Lys Gly Lys Asp Val Asp Ala Val 
1875 1880 1885 

Val Ala Leu Gly Asp Asn Leu Phe Val Cys Asp Asp He Leu Val Phe 
1890 1895 1900 

His Asp Ala He Asn Leu He Gly Ala Leu Lys Val Ala Arg Cys Gly 
1905 1910 1915 1920 

Met Val Gly Glu Ser Phe Lys Ser Phe Glu Tyr Lys Cys Tyr Asn Ala 
1925 1930 1935 

Pro Pro Gly Gly Gly Lys Thr Thr Thr Leu Val Asp Glu Phe Val Lys 
1940 1945 1950 

Ser Pro Asn Ser Thr Ala Thr He Thr Ala Asn Val Gly Ser Ser Glu 
1955 i960 1965 

Asp He Asn Met Ala Val Lys Lys Arg Asp Pro Asn Leu Glu Gly Leu 
1970 1975 1980 

Asn Ser Ala Thr Thr Val Asn Ser Arg Val Val Asn Phe He Val Arg 
1985 1990 1995 2000 

Gly Met Tyr Lys Arg Val Leu Val Asp Glu Val His Met Met His Gin 
2005 2010 2015 

Gly Leu Leu Gin Leu Gly Val Phe Ala Thr Gly Ala Ser Glu Gly Leu 
2020 2025 2030 

Phe Phe Gly Asp He Asn Gin He Pro Phe He Asn Arg Glu Lys Val 
2035 2040 2045 

Phe Arg Met Asp Cys Ala Val Phe Val Pro Lys Lys Glu Ser Val Val 
2050 2055 2060 

Tyr Thr Ser Lys Ser Tyr Arg Cys Pro Leu Asp Val Cys Tyr Leu Leu 
206 5 2070 2075 2080 

Ser Ser Met Thr Val Arg Gly Thr Glu Lys Cys Tyr Pro Glu Lys Val 
2085 2090 2095 

Val Ser Gly Lys Asp Lys Pro Val Val Arg Ser Leu Ser Lys Arg Pro 
2100 2105 2110 

He Gly Thr Thr Asp Asp Val Ala Glu He Asn Ala Asp Val Tyr Leu 
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2115 



2120 



2125 



Cys Met Thr Gin Leu Glu Lys Ser Asp Met Lys Arg Ser Leu Lys Gly 
2130 2135 2140 



Lys Gly Lys Glu Thr Pro Val Met Thr Val His Glu Ala Gin Gly Lys 
214 5 2150 2155 2160 

Thr Phe Ser Asp Val Val Leu Phe Arg Thr Lys Lys Ala Asp Asp Ser 
2165 2170 2175 



Leu Phe Thr Lys Gin Pro His He Leu Val Gly Leu Ser Arg His Thr 
2180 2185 2190 



Arg Ser Leu Val Tyr Ala Ala Leu Ser Ser Lys Leu Asp Asp Lys Val 
2195 2200 2205 

Gly Thr Tyr lie Ser Asp Ala Ser Pro Gin Ser Val Ser Asp Ala Leu 
2210 2215 2220 

Leu His Thr Phe Ala Pro Ala Gly Cys Phe Arg Gly He 
2225 2230 2235 
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